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Abstract: Objectives: Unemployment has been linked with poor health. We hypothesized that being
unemployed is associated with disorders of glucose metabolism and performed a systematic review and
meta-analysis of the literature to ascertain the relationship.

Methods: We searched the databases of Scopus, Medline Ovid and Web of Science for population-based
original studies for past 20 years. Random effects meta-analyses were used to estimate odds ratios (OR)
with 95% confidence intervals (Cl) for prediabetes and type 2 diabetes among the unemployed as
compared to those employed, separately for men and women when possible.

Results: Out of 981 articles found, 12 articles were included in the systematic review and eight articles in
the meta-analyses. Unemployment was associated with 1.6-fold odds for prediabetes (OR 1.58; 95%Cl 1.07-
2.35), and 1.7-fold odds for type 2 diabetes (OR 1.72; 95%Cl 1.14-2.58) in the total sample. The
corresponding associations for type 2 diabetes were also found stratified for men (OR 1.53; 95%Cl 1.47-
1.60) and women (OR 1.60; 95%CI 1.33-1.92).

Conclusions: Unemployment is associated with prediabetes and type 2 diabetes, global concerns of public
health with potential for prevention.
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Abstract

Objectives: Unemployment has been linked with poor health. We hypothesized that being unemployed is
associated with disorders of glucose metabolism and performed a systematic review and meta-analysis of
the literature to ascertain the relationship.

Methods: We searched the databases of Scopus, Medline Ovid and Web of Science for population-based
original studies for past 20 years. Random effects meta-analyses were used to estimate odds ratios (OR)
with 95% confidence intervals (Cl) for prediabetes and type 2 diabetes among the unemployed as
compared to those employed, separately for men and women when possible.

Results: Out of 981 articles found, 12 articles were included in the systematic review and eight articles in
the metaanalyses. Unemployment was associated with 1.6-fold odds for prediabetes (OR 1.58; 95%Cl 1.07-
2.35), and 1.7-fold odds for type 2 diabetes (OR 1.72; 95%Cl 1.14-2.58) in the total sample. The
corresponding associations for type 2 diabetes were also found stratified for men (OR 1.53; 95%Cl 1.47-
1.60) and women (OR 1.60; 95%CI 1.33-1.92).

Conclusions: Unemployment is associated with prediabetes and type 2 diabetes, global concerns of public
health with potential for prevention.
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Introduction

Employment is a cultural yardstick, whereby people measure themselves in their society (Dodu 2005), and
also a major determinant of the socioeconomic gradient in health (Waddell and Burton 2006).
Unemployment, in turn, isolates a person from both material and immaterial gains related to working life,
and has been linked with several aspects of poor health, such as self-rated health (Vaalavuo 2015; Broom et
al. 2006; Giatti et al. 2010), increased risk for obesity and weight gain (Janlert 1997; Khlat et al. 2004;
Montgomery et al. 1998; Laitinen et al. 2002), inflammation (Hughes et al. 2015), poor mental health
(Artazcoz et al. 2004; Ford et al. 2010), hypertension (Janlert 1992), cardiovascular diseases (Lundin et al.
2014) and higher mortality (Roelfs DJ et al. 2011; Martikainen 1990; Martikainen and Valkonen 1996; Garcy
and Vagert6 2012; Vagero and Garcy 2016). However, although several risk factors of type 2 diabetes (T2D)
have thus been addressed, the potential direct association between unemployment and disorders of
glucose metabolism remains unanswered.

The incidence of T2D is increasing worldwide, imposing a major burden upon public health and economies
(Seuring et al. 2015). T2D results from complex genetic-environmental interaction (Noble et al. 2011).
Several risk factors for T2D have been documented such as older age, family history of T2D, ethnicity,
obesity, physical inactivity, unhealthy diet, smoking, hypercholesterolemia and hypertension (Noble et al.
2011). T2D may develop through a long-term asymptomatic period, during which the prediabetic states,
defined as impaired fasting glucose (IFG) and impaired glucose tolerance (IGT), can be estimated by
measuring glucose concentrations (Tabak et al. 2012). Fortunately, the diabetic cascade may be delayed
and the development of T2D even prevented by changes in lifestyle including healthy diet and physical
activity (Tuomilehto et al. 2001; Knowler et al. 2002; Lindstrém et al. 2013). The detecting of these phases
to enable timely prevention remains a challenge (Noble et al. 2011), and it has been estimated that one of
two adults with T2D are currently undiagnosed (International Diabetes Federation 2015). Critically, since
the incidence of T2D is peaking in the working age between 40 and 59 years (Centers for Disease Control
and Prevention 2015), it is important to recognize potential risk factors related to working life. Several
employment-related factors, such as shift work (Eriksson et al. 2013; Morikawa et al. 2005), working
overtime (Tayama et al. 2016), work-related stress (Novak et al. 2013), job insecurity (Ferrie et al. 2016;
Virtanen et al. 2014) and low occupational class (Kumari et al. 2004; Heden Stahl et al. 2014) have been
shown to associate with the risk of T2D. In contrast, the association of the widely prevalent (OECD 2014a)
unemployment with T2D remains unsatisfactorily understood. This may result from unclear classification of
nonworkers in the occupation-based measures of socioeconomic status, thus ignoring unemployment, a
potentially stressful situation when an individual is lacking work yet willing and capable to work.

With the present study we aimed to summarize the published evidence from the last two decades
concerning the associations between unemployment and disorders of glucose metabolism in population-
based studies. Our hypothesis was that unemployment, a major stressor in the working age, is a risk factor
of developing T2D, thereby associated with higher prevalence of prediabetes and diabetes. Regarding the
internationally differing labor market patterns, especially the gendered differences regarding overall
participation in the working life and in the distributions across occupations, we aimed to conduct a
systematic review covering all population-based studies, followed by meta-analyses in unselected general
population studies and further stratified for sex whenever possible.

Methods

Literature search



We planned the search and the analysis of the literature according to the MOOSE (meta-analysis of
observational studies in epidemiology) guidelines (Stroup et al. 2000). The literature search was carried out
by the first author with the help of an information specialist from three different databases: Scopus,
Medline Ovid and Web of Science.

The search included keywords related to employment such as ‘employment’, ‘unemployment’, ‘jobless’ or
‘job loss’, and keywords concerning disorders and measures of glucose metabolism such as ‘type 2
diabetes’, ‘gestational diabetes’, ‘prediabetes’ or ‘hyperglycemia’, ‘glucose intolerance’ or ‘glucose
tolerance’ or “glucose impairment’. The search strategy and keywords are presented in detail in Appendix 1
(Online resource 1). The search was performed on the titles, abstracts and keywords of the published
articles dating from the 1 January 1995 until the 20 October 2016. In addition, hand searching was
performed on the reference lists of all articles selected for systematic review and non-systematically on
other sources. In cases of incomplete information in the articles found, the authors of the articles were
contacted via e-mail, eventually with one reminder, to provide more details. The flowchart of the search is
shown in Figure 1.

Inclusion criteria

We included any population-based studies on unemployment in relation to glucose metabolism in the
narrative systematic review. Respecting the anticipated heterogeneity of employment patterns across the
subgroups of populations, only studies conducted in unselected general population samples were included
in the quantitative meta-analysis.

We only included studies where we could identify the unemployed individuals from the other participants.
We did not set further criteria regarding the duration or recurrence of unemployment. As outcomes of
impaired glucose metabolism we considered gestational diabetes, prediabetes or T2D, covering all phases
of the diabetic cascade. We included studies with any type of definition of these outcomes, including self-
reported or register-based diagnosis or treatment of gestational diabetes or T2D, or diagnosis settled by
laboratory tests, such as fasting plasma glucose (FPG), oral glucose tolerance test (OGTT), or glycated
hemoglobin (HbA1lc). We accepted studies with both cross-sectional and follow-up study designs.

Exclusion criteria

We excluded studies with unclear information on employment status, not allowing for distinguishing the
unemployed individuals from the other participants. For example, we excluded studies which only roughly
classified workers versus non-workers, implying that “non-workers” might have included homemakers,
students or retired individuals not actively seeking for a job. Analogously, an exclusion criteria was lacking
information of gestational diabetes, prediabetes or T2D.

Since the prevalence or incidence of unemployment among persons with diabetes was not in our focus, we
excluded studies conducted among diabetic patients only. From the meta-analysis, we further excluded
studies with overlapping or insufficient data, or conducted in non-general subpopulations. As a final
criteria, we restricted our search in original articles written in English.

Variables

Unemployment: We defined those unemployed as lacking work but belonging to the labor force, i.e.
capable and willing to work and searching for a salaried job (OECD 2014a). We accepted both self-reported
and register-based measures, dichotomized as unemployment yes/no in the analyses.

Prediabetes, defined as IFG or/and IGT, could be diagnosed by measurements of fasting plasma/serum
glucose and/or OGTT, or glycated hemoglobin (HbA1c). For IFG diagnosis, different criteria exist and were



accepted, such as FPG between 5.6 and 6.9 mmol/| according to American Diabetes Association’s (ADA
2014) criteria and between 6.1-6.9 mmol/| by World Health Organization’s (WHO 1999) criteria. In OGTT, a
two hour plasma glucose between 7.8 mmol/l and 11.0 mmol/l indicated IGT (ADA 2014, WHO 1999). By
HbA1c, prediabetes could be defined as value from 39 mmol/mol to 46 mmol/mol (ADA 2014). For analysis,
these variables were then dichotomized as prediabetes yes/no, regardless of the type of the measurement.

Gestational diabetes: Gestational diabetes could be defined as self-reported diagnosis or treatment, or
based on measured FPG or OGTT. If FPG was between 5.1 and 6.9 mmol/l, or in OGTT 1 hour glucose over
10.0 mmol/l, or 2 hour glucose between 8.5 and 11.0 mg/dl, defined as gestational diabetes (WHO 2013).

T2D could be defined as self-reported or register-based diagnosis, self-reported or register-based use of
anti-diabetic medication, or diagnosis based on measured glucose concentrations. We accepted different
classifications in defining T2D, also an age-based categorization of registered incident cases of diabetes,
categorized as T2D if occurring at over 30 years of age and type 1 diabetes if occurring at earlier age. If
based on measured glucose, the T2D diagnosis was defined through FPG over 7.0 mmol/I, glucose
concentrations over 11.0 mmol/l in postprandial glucose samples or in 2-hour sample in OGTT after
ingesting 75 g of glucose (or carbohydrates equivalent to this dose), or HbAlc over 46 mmol/mol.

For analysis, these variables were then dichotomized as T2D yes/no, regardless of the type of the
measurement (WHO 1999, ADA 2014) Study selection First, based on the titles and the abstracts of the
articles found, the first two authors independently selected the publications for further reading. Second,
the full texts of the selected articles were retrieved and carefully read, to evaluate whether they met the
inclusion criteria. These two authors compared and discussed their evaluations aiming to achieve
consensus. Possible disagreements were planned to be settled through mutual discussion with the last
author. The flow of the study selection is presented in Figure 1.

Quality assessment

We constructed a checklist, modified from a previous recommendation (Downs and Black 1998), for
assessing the quality of the articles with 12 predefined items (Appendix 2, Online resource 2) related to
conventional reporting and methodological practices in scientific articles. One item concerning confounders
could receive 0-2 points, other items yielded 0-1 point each. The first two authors independently gave their
ratings according to the checklist and discussed for consensus.

Analysis

For systematic review, we constructed a table with data fields to the designs, the characteristics and the
reported results of the included population-based studies regarding unemployment and glucose
metabolism. We also calculated the unemployment rates for each study as the percentages of unemployed
individuals of the total labor force, where the latter consists of all unemployed, employed and self-
employed individuals (OECD 2014a). Likewise, we uniformly calculated the prevalences or cumulative
incidences of prediabetes and T2D for each study.

We prepared for quantitative analyses on the associations between unemployment and each outcome of
glucose metabolism in the studies conducted in unselected general population samples, both in total
samples and in the subgroups of men and women. For the meta-analysis, the following procedure was
designed. Regarding the anticipated heterogeneity across the studies, random effects meta-analyses were
chosen to calculate the odds ratios (ORs) and their 95% confidence intervals (Cls) for outcomes of glucose
metabolism among those unemployed as compared to all employed individuals.

The heterogeneity of the studies was explored with the 12 statistic (with 95% Cl), a recommended
transformation of the Q statistic. Values of 12, ranging from 0% to 100%, reflect the proportion of the total



variation across studies beyond chance. Regarding quantity, 25% describes low, 50% moderate, and 75%
high heterogeneity (Higgins et al. 2003). The statistical significance of this heterogeneity was tested using
the chi-square test. We also planned to conduct an influence analysis in which the meta-analysis estimates
are computed omitting one study at a time. To assess potential publication bias, Egger’s test and funnel
plots (Sterne 2009) were chosen. All statistical analyses were performed using STATA, version 13.1
(StataCorp LP, Texas, USA).

Results
Study selection

In total, the literature search retrieved 981 articles (Fig. 1). After screening titles and abstracts, or full texts
if abstracts were missing, we retrieved 32 articles for further evaluation and selected nine articles to be
reviewed and meta-analyzed. Hand searching yielded three articles, one of them by our own research
group (Rautio et al. 2017), resulting in altogether 12 articles filling our criteria for systematic review.

Quality assessment

Overall quality was good ranging from 10 to 13 of potential 13 points. (Appendix 2, Online resource 2)
Seven of the 12 quality assessment criteria were met by all of the studies included.

Study characteristics

Table 1 summarizes the 12 studies systematically reviewed: five studies from Europe, three from Near East,
one from Asia, one from Australia, and two studies from Northern America. All but one (Martin et al. 2008)
reported data for both sexes. The measurement of the employment status was based on self-reports in 10
studies, two studies used national registers (Poulsen et al. 2014, Rautio et al. 2017) (Table 1). In 11 of the
12 studies, unemployment status was determined at one time point, whereas one study used
unemployment records during individually determined three-year follow-up periods preceding the OGTT
date (Rautio et al. 2017).

Different methods for assessing glucose metabolism were found, as shown in Table 1. No study on
gestational diabetes could be included due to unclear information on unemployment. Data on prediabetes
was reported in six studies, four studies using OGTT and two studies using FPG. Regarding T2D diagnosis,
five studies were based on both self-reports on diagnosis or anti-diabetic medication, and measurements of
glucose concentrations. Three studies were based on selfreported T2D diagnoses only. Two studies only
utilized laboratory tests. One study used only register-based diagnoses. Another one accepted several
sources of information: registered data on diagnosis or on anti-diabetic medication or laboratory
measurements of glucose concentrations. Nine studies were cross-sectional regarding measurement of
glucose metabolism, and three studies had a longitudinal design, with known individuals with diabetes
excluded at baseline and follow-up periods lasting from 5 to 12 years.

Reported results on unemployment and glucose metabolism in the articles The longitudinal study of
Poulsen et al. (2014), was the only one to show a heightened risk (RR 2.13, 95% Cl 2.06-2.21) for incident
diabetes for the individuals unemployed at baseline during the 12-year follow-up, when using the group of
professional employees as the reference category, even after adjustments for gender, age, country of origin
and socioeconomic status (SES). In the study of Rautio et al. (2017), using a retrospective 3-year follow-up
of unemployment records, the men who were unemployed for altogether >1 year (high exposure) had
higher risk for prediabetes (OR 1.61, 95%Cl 1.03-2.51), and screen-detected T2D (OR 2.58, 95%Cl 1.23-5.44)



after adjustment for education, smoking, alcohol intake, physical activity and BMI. Among men with lower
exposure (= 1 year) to unemployment, no significant association was found, not either among women.

In six of the 12 studies, unemployed individuals did not have higher risk for glucose metabolism disorders.
Regarding all studies included in the narrative review, the reported results of unemployment with
prediabetes and T2D are shown in Table 1, with largely differing reference groups across the studies.

Calculated unemployment rates

Evident typing errors in the articles concerning the reported numbers of unemployed were corrected in
two cases, with replacement of new numbers provided by the authors (Ramezankhani et al. 2014) or a re-
calculation based on the descriptive tables (Azimi-Nezhad et al. 2008), as detailed in Table 2. In sum, the
calculated unemployment rates varied from 3.5 % in a Danish nationwide sample (Poulsen et al. 2014) to as
high as 50.0 % within an ethnic group of Chaldean origin in the United States of America (Kridli et al. 2006).

Calculated prevalences and cumulative indexes of the disorders of glucose metabolism in the studies

Prevalence of prediabetes varied from 2.5% (Azimi-Nezhad et al. 2008) to 32.1% (Kridli et al. 2006). With
varying sources of information, the calculated prevalence of T2D varied from 3.0% (Rautio et al. 2017) to
32.1% (Kridli et al. 2006). Calculated sex-stratified prevalence of T2D varied from 4.3% for men and 2.0% for
women at lowest (Rautio et al. 2017) to 30.6% for men and 31.5% for women at highest (Kridli et al. 2006).
In a five-year follow-up study in Iran with participants over 20 years of age, the calculated incidence of
prediabetes was 10.5% and the corresponding figure for diabetes was 11.0% during the five years follow-up
(Ramezankhani et al. 2014). A study in Germany, restricted to abdominally obese individuals aged 20-79,
reported a T2D incidence of 7.7 % during the five years follow-up (Friedrich et al. 2013). A register-based
study in Denmark covering the whole 30 - 59 years aged population recorded a 5.8% diabetes incidence
during the 12 years follow-up (Poulsen et al. 2014).

Meta-analyses

Four studies in the systematic review had to be left out of the meta-analyses, due to insufficient descriptive
data (Bird et al. 2015), to overlapping data (Miiller et al. 2013b) and to non-general study populations
restricted to a specific ethnic group (Kridli et al. 2006) or to individuals with abdominal obesity (Friedrich et
al. 2013). The meta-analysis was thus based on eight studies. However, due to the small number of studies,
sex-separated analyses were not conducted concerning prediabetes.

Unemployment and prediabetes

Figure 2 shows the calculated prevalences of prediabetes among the unemployed and the employed
individuals and the odds ratio for prediabetes among the unemployed as compared to all employed. Across
the five included studies, two studies showed heightened odds for prediabetes among the unemployed.
The meta-analysis of the overall association yielded a 1.6-fold association of unemployment with
prediabetes (OR 1.58; 95% Cl 1.07-2.35). The heterogeneity of these studies was high (12= 91%; p=0.000).

Unemployment and T2D

Figure 3 shows the calculated prevalences of T2D among the unemployed and the employed and the ORs
for T2D among the unemployed in all studies eligible for meta-analysis, with seven studies including both
sexes, one only men (Martin et al. 2008). In six of the eight studies, the odds for T2D were significantly
heightened among the unemployed and according to the meta-analysis in the total sample, the
unemployed had 1.7-fold odds for T2D when compared to all employed individuals (OR 1.72; 95% Cl 1.14-
2.58). The heterogeneity of these studies was high (12= 99.3%; p=0.000).



Figure 4 shows the results of the corresponding subgroup analyses for men and women. Among men, the
OR for T2D among the unemployed was 1.53 (95% Cl 1.47-1.60) as compared to those employed. Among
women, the corresponding figure was 1.60 (95%Cl 1.33-1.92), respectively.

The aforementioned significant heterogeneity between the studies regarding unemployment and T2D
(12=99.3%, p=0.001) notably decreased when men and women were studied separately (12=0.0%, p=0.503
for men and 12=36.5%, p=0.178 for women).

Tests for bias

In the influence study concerning the meta-analysis of unemployment and T2D in the total sample, the ORs
were not statistically significantly affected when one study at a time was excluded. All ORs ranged between
1.5-1.9 and stayed within the confidence interval of the pooled OR. According to the Funnel plot and
Egger’s test (t=0.05, p=0.959), there was no indication of publication bias (Fig. 5). Due to the small the
numbers of eligible studies, the corresponding analyses were not conducted for prediabetes nor for the
sex-stratified analyses for diabetes.

Discussion

According to this meta-analysis, unemployment, a common adversity in labor market, is associated with
disorders of glucose metabolism. The unemployed individuals had 1.6-fold odds for prediabetes and 1.7-
fold odds for T2D as compared to all employed individuals. The corresponding sex-stratified odds for T2D
were 1.5-fold among unemployed men, and 1.6-fold among women. Our finding adds to the body of
literature linking unemployment and poor health (Artazcoz et al. 2004; Lundin et al. 2014; Roelfs DJ et al.
2011; Martikainen 1990; Martikainen and Valkonen 1996; Garcy and Vagert 2012; Vagero and Garcy 2016)
with an important outcome, T2D, a growing global public health concern, with notable potential for
prevention.

Despite the highly heterogeneous labor market patterns, unemployment is common worldwide, thereby a
notable potential stressor in the working age. In year 2014, the global unemployment rate was 5.9% (OECD
2014a). The overall national prevalences varied from 3.5% in Korea to 26.3% in Greece (OECD 2014a), with
large variation across specific groups, like foreign born individuals (OECD 2014b). In the studies included in
this review, the calculated unemployment rates were well in line with those found in the global statistics,
varying from 3.5% to 24.4%, with one outlier reporting as high as 50.0% unemployment rate within a
specific ethnicity-based sample (Kridli et al. 2006) and thereby excluded from the meta-analysis restricted
to unselected general population samples.

Importantly, the participation of women in working life greatly varies internationally: in many countries of
Europe and China over 40% of the total labor force is female, in the Near- and Middle-East the
corresponding figure is below 20% (World Bank 2016). This was reflected also in the studies included in our
review, in that the calculated proportion of women as homemakers was 86.2% in Iran at highest (Al-Baghli
et al. 2010). The pressure towards women'’s participation in the working life and the perceptions of
meaning of unemployment may vary culturally. Nevertheless, we found unemployment rates to be the
higher among women than men in five of the six studies where sex-specific data were available. Despite
these observed differences in women'’s participation in the labor market between the countries, in the
meta-analyses we didn’t detect significant differences between men and women regarding the association
of unemployment with T2D.

Regarding the mechanisms behind the findings, it is evident, that the health behaviors and the extent to
which unemployment is perceived as a stressor may have differed between the study populations in this



review. Unfortunately, the adjustment protocols widely varied as not even adjustments for age were
performed in all studies. Therefore, further meta-regression analyses could not be conducted to analyze
the potential underlying factors behind the observed associations.

There are several potential sources of bias behind the reported association within the individual studies.
Selection bias may have resulted from the uneven distribution of unemployment by sex, ethnicity, local
employment patterns or cultural issues, but also from selection to unemployment as a result of poor
health. In observational studies, uncontrolled confounding always remains a possibility. Moreover,
classification biases may have originated from the heterogeneous measures of unemployment and glucose
metabolism. Regarding the review, biases may results from not reaching all relevant studies and from the
always possible publication bias.

Diabetes with related health problems may be at least a partial reason for unemployment, but
unfortunately the quantity of the potential reversed causality cannot be assessed. In line with this
reasoning however, the calculated unemployment rate was higher (21.7%) among abdominally obese
employees (Friedrich et al. 2013) than among the unselected general population sample (18.8%) in the
same year in the same country (Miller et al. 2013a,b). The prevalence of unemployment among those with
poorer health may also be affected by national policies and economic cycles. In the study by Zhang et al.
(2013) the authors discussed that the recently implemented early retirement policy for unhealthy persons
in China might have explained the higher odds of diabetes among retired people and therefore
underestimated the significance of unemployment.

We note that 11 out of the 12 studies in our review measured unemployment only cross-sectionally,
although the number of unemployment periods and the length of unemployment preceding the
measurement could have varied from a few days to years of unemployment. The body of the current
evidence suggests that the accumulation of one or more previous periods of unemployment correlates with
deteriorated health and health behavior (Janlert et al. 2015; Garcy and Vagerd 2012; Vager6 and Garcy
2016). This pattern was also seen in the study of Rautio et al. (2017) considering the level of exposure to
unemployment during three years, where the risk for disorders of glucose metabolism was significantly
heightened when exposure to unemployment exceeded 1 year (1.6-fold risk for screen detected
rediabetes, 2.6-fold for T2D) but not with lesser exposure.

With our exclusion criteria concerning unemployment, we sought to ensure good quality in defining the
exposure to unemployment. The choice of comparing the unemployed to all employed individuals was
considered the most applicable to summarize the data in the varying designs in this meta-analysis. The
results reported in the articles therefore differed from the ones calculated in this study. For example, the
largest register-based longitudinal study covering the whole Danish working-age population found over 2-
fold risk for T2D (RR 2.13; 95%Cl 2.06-2.21) among the unemployed, when compared to the group of
professional individuals and adjusted for gender, age, country of origin and socioeconomic status (Poulsen
et al. 2014). In contrast, when we determined all employed individuals as the reference category within the
same data, the OR was 1.48 (95% Cl 1.44-1.52) in the unadjusted analysis.

The assessment of glucose metabolism varied widely in the included studies, implying a potential source of
classification bias, especially in terms of prediabetes. Noteworthly, it has been questioned whether the
term prediabetes should be replaced, for example, with impaired glucose metabolism, in light of evidence
showing that only 5-10 % of people with prediabetes per year will progress into T2D (Tabak et al. 2012).
Nevertheless, regarding the long term development of diabetes and the evidence that even half of the
individuals with T2D are unrecognized, the cross-sectional measures of T2D may have led to
underestimations of T2D prevalence.



The small number of studies that met the inclusion criteria for the review raises concerns of a potential
bias, also including only studies published in English may have left out potential important uncovered
studies. Nevertheless, covering all continents except Africa and South America, the global
representativeness of the included studies appeared reasonable, and the possibility of outcome reporting
bias was reduced by contacting authors for their unpublished data. There was large heterogeneity in the
sample sizes, ranging from over 200 to over 2 million individuals. By the quality assessment criteria the
overall quality of the included studies was good.

In sum, the main challenge in synthesizing the results is the heterogeneity of the studies. Therefore, studies
conducted within specific subpopulations (Friedrich et al. 2013, Kridli et al. 2006) were only included in the
systematic review and excluded from the meta-analyses. In the meta-analyses, we expectedly found
significant heterogeneity in the studies concerning the total sample, which however decreased when men
and women were studied separately. Nevertheless, the main result of the meta-analysis persisted in the
influence test, and no indication of publication bias was found according to Egger’s test.

For practitioners in the health care sector, various screening tools have been designed to improve the early
detection and the results of treatment of diabetes, further supporting the aims of secondary and tertiary
prevention of various complications of diabetes (Noble et al. 2011). However, the implementation of such
screening tools has turned out to be difficult (Dhippayom et al. 2014). Beyond screening, the improvement
of patient outcomes may also require novel integrated social and health policies and tailored care for
subgroups at higher risk (Noble et al. 2011). Our results highlight the subgroup of unemployed people.
Thus, the feasibility and efficacy of considering unemployment history as a risk factor for T2D should be
evaluated in further trials in various levels of health care. At present, the high prevalence and incidence of
prediabetes and T2D in the working aged population as well as the high prevalence of unemployment
emphasize the relevance of this finding, observed in different labor market settings, and both among men
and women.

Conclusions

To the best of our knowledge, this is the first meta-analysis based on a systematic review suggesting an
association between unemployment and disorders of glucose metabolism, with 1.6.-fold odds for
prediabetes and 1.7-fold odds for T2D among the unemployed as compared to those employed. The
association seems identical in both men and women and appears to be observed in different labor market
settings internationally. Since the factors underpinning the association were not systematically addressed
in the reviewed studies, the numerous potential mediating and confounding factors need to be tested in
further research.
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Table 1 Characteristics of the studies included in the systematic review
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technical, CCBG and self-employed (adjusted for age and sex). 2.7%
administration, self- confirmed by b
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Azimi-Nezhad Cross- 15-64vy, 3778 S: Employed (office or M: FSG Prevalence of screen-detected DM 10.3% 6.6% 5.5%
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Iran men manual worker), officers, 4.1% manual workers, 5.9% N/A 5.8%
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Germany 2 5y men workforce (retired) 1.03; 95% CI 0.53-1.97) compared to N/A N/A
(abdominal employed or retired (adjusted for age, sex
obese) and waist circumference). °
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S:T2D
M: FPG, HbAlc

S:T2D

S:T2D

R: diagnosis of
DM

Prevalence of DM 23.1% among 50.0%
unemployed men, 19.2% among full-time 39.2%
working men, 0% in part-time working 64.7%

men, 30.8% in retired men, 19.2% in

disabled men, 0% in men who were still

in school and 7.7% in homemaking men.

For prevalence of IFG/IGT 29.6%,

37.0%, 14.8%, 7.4%, 7.4%, 0% and 3.7%
(p=0.09). For women for prevalence of

DM were 4.3%, 0%, 0%, 8.5%, 29.8%,

0% and 57.4%, and for IFG/IGT 17.3%,

3.8%, 5.8%, 3.8%, 21.1%, 0% and 48.1%
(p<0.01).

Unemployed men did not have higher risk  4.3%
for T2D (RR 0.43; 95% CI 0.08-2.32)) 4.3%
compared to employed men (adjusted for

age, income, region of birth, marital

status, smoking, BMI, waist, family

history of diabetes, family history of

obesity, high cholesterol, high BP). ¢
Unemployed men (OR 0.91; 95% CI 0.59- 18.8%

1.40) and women (OR 1.67; 95% ClI 16.4%
0.97-2.88) did not have higher risk for 21.9%
T2D compared to employed men and

women (adjusted for age, social class,
neighbourhood employment rate, marital

status, body mass index, physical exercise

and smoking status (only for men)).

Unemployed did not have higher risk for  18.8%
T2D (OR 1.12 95% CI 0.81-1.54) N/A
compared to employed (adjusted for N/A
neighbourhood unemployment rate and

proportion of immigrants).

DM incidence higher during the 12-year  3.5%
follow-up among unemployed (RR 2.13;  2.9%
95%CI 2.06-2.21) compared to 4.0%

professional (adjusted for age, sex,
country of origin and socio-economic
status).

31.2%
30.6%
31.5%
32.1%

15.6%
15.6%

8.8%
10.0%
7.5%

8.8%

5.8%
6.7%
4.9%



classified, managers
workers skilled at
basic levels; workers
in elementary
occupations),
unemployed, not in

workforce
(pensioners)
Ramezankhani  Follow-up >20y, 6647 S: Employed, S: anti-diabetic  Incidence of T2D among unemployed 4.2% 11.0%
etal. (2014), study 47.4% unemployed, not in medication 1.0%, employed 35.1%, housewife 4.1% 10.5%
Iran By men workforce (housewife, M: FPG, OGTT 50.5%, student 1.2%, unemployed with 4.8% 11.4%
student, unemployed income 12.1%, other 0.1%. %¢ 10.5%
with income, other)
Rautio et al. Cohort ~46y, 4514 R: Employed, M: OGTT Men unemployed >1 year had higher risk  22.1% 3.0%
(2017), study, 43.6% unemployed during for prediabetes (OR 1.61; 95%CI 1.03- 23.2% 4.3%
Finland retro- men the individually 2.51), and screen-detected T2D (OR 2.58; 21.2% 2.0%
spective determined 3-year 95%CI 1.23-5.44) (adjusted for education, 15.0%
follow-up follow-up period smoking, alcohol intake, physical activity
By preceding OGTT (<1 and BMI). Corresponding figures for men
year; >1 year) unemployed <1 year were OR 1.26
(95%CI 0.88-1.82) and OR 1.12(95%ClI
0.51-2.47).
Among women unemployed > 1 year the
figures not significant for prediabetes (OR
1.37; 95%Cl 0.86-2.17) nor T2D (1.80;
95%Cl 0.72-4.49). For women
unemployed <1 year OR 1.30 (95%Cl
0.85-1.97) and OR 2.02 (95%CIl 0.88-
4.64)
Zhang et al. Cross- 20-79Yy, 7315 S: Employed (hon- R: T2D or Unemployed did not have higher risk for  24.4% 9.4%
(2013), sectional  48.6% manual work, manual  medication T2D (OR 1.25,95% C1 0.84-1.78) or IFG  11.9% 8.3%
China men work), unemployed, M: FCPG, (OR 0.82, 95% CI 0.60-1.12) compared to  36.8% 10.5%
not in workforce confirmed by manual work (adjusted for age, sex, BP, 7.3%
(retired) measured FPG  family history of diabetes, smoking,
and 2-h PPPG alcohol consumption, physical inactivity
and BMI). ¢

Abbreviations: T2D = type 2 diabetes, DM = diabetes mellitus, FCBG = fasting capillary blood glucose, CCBG = casual capillary blood glucose, FPG = fasting plasma
glucose, IFG = impaired fasting glucose, FSG = fasting serum glucose, OGTT = oral glucose tolerance test, PPPG = postprandial plasma glucose, BMI = body mass index, BP
= blood pressure, N/A = not applicable

2Not included in meta-analysis

b Additional data asked, not received from authors



¢Error detected in the original Table Il and corrected: In Table Il the total number of individuals with IFG was given, but in Table Il the same figure was told to cover IFG in

the group unemployed and others only. When summing up the numbers in all groups in Table I, the plausible number of IFG in the group unemployed and others was
calculated as 3, in accordance with the given percentage.

4 Additional data asked and received from authors

¢ Error detected and corrected in the original Table 1 concerning number of unemployed persons with diabetes, persons without diabetes and total population. The corrected
numbers were provided by the authors

fUnemployment rate is calculated as the percentage of unemployed persons of the total labor force, consisting of those in paid or self-employment plus the unemployed
(OECD).

9Diabetes and prediabetes prevalence and incidence are calculated as the percentage of T2D patients of the total study population.
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Appendix 1
Search strategy used in Scopus and Web of Science:

(“glucose metabolism” OR “glucose tolerance” OR t2dm OR “ type 2 diabet*”” OR “type II diabet*” OR “diabetes mellitus type 2 OR “gestational diabetes” OR prediabete™
OR niddm OR hyperglycem* OR “glucose intoler*” OR “glucose impairment””) AND TOPIC: (employment OR unemployment OR jobless* OR “job loss™)

Search strategy used in Medline Ovid:

exp Employment/

diabetes mellitus, type 2/ or diabetes, gestational/ or prediabetic state/ or hyperglycemia/ or glucose intolerance/
Blood Glucose/bl, me, ph [Blood, Metabolism, Physiology]

(glucose metabolism or glucose impairment).af.

land 2

land 3

land 4

5or6or7

exp Socioeconomic Factors/

10 2or3or4

11 9and 10

12 *diabetes mellitus, type 2/ or *diabetes, gestational/ or *prediabetic state/ or *hyperglycemia/ or *glucose intolerance/
13 1land12

14 exp *Socioeconomic Factors/

OO ~NO O~ WN P


mailto:tuulia.varanka-ruuska@oulu.fi

15
16
17
18
19
20
21
22
23

13 and 14

*Blood Glucose/

14 and 16

4and 9

work/ or return to work/ or work schedule tolerance/
2 and 19

3and 19

4 and 19

20 0r 21 or 22



Appendix 2

Quality assessment criteria and scoring for studies included in the systematic review

Study
Criterion Points Al- Azimi- Bird  Friedrich Kridli Martin Mdller Miuller Poulsen  Ramezan Rautio Zhang
Baghli Nezhad etal. etal. etal. etal etal. etal. etal. khanietal. etal. etal.
etal. etal. (a) (b)
1. Is the aim of the study clearly ~ Yes 1 1 1 1 1 1 1 1 1 1 1 1 1
described? No 0
2. Are the main outcomes to be Yes 1 1 1 1 1 1 1 1 1 1 1 1 1
measured clearly described inthe No 0
methods section?
3. Are the characteristics of Yes 1 1 1 1 1 1 1 1 1 1 1 1 1
persons included in the study No 0
clearly described? 2
4. Are the distributions of Yes 2 2 2 2 2 2° 28 1 1 2 1¢ 2 1
principal confounders in each Partially 1
group of subjects to be compared No 0
provided and clearly described??
5. Are the main findings of the Yes 1 1 1 1 1 1 1 1 1 1 1 1 1
study clearly described? No 0
6. Does the study provide Yes 1 1 1 1 1 1 1 1 1 1 1 1 1
estimates of the random No 0

variability in the data for the

main outcome?

7. Have actual probability values  Yes 1 1 0 1 0 0 0 0 0 0 0 1 0
been reported (e.g. 0.035 rather No 0

than <0.05) for the main

outcomes except where the

probability is less than 0.001?

8. Were the subjects asked to Yes 1 0 1 1 1 0 1 1 1 1 1 1 1
participate in the study No 0
representative of the entire Unable to

population from which they were  determine
recruited? 0



9. Were the subjects participating Yes 1

the study representative of the No 0
entire population? (The Unable to
participation rates and the determine

distributions of the confounders 0
in the study population and the
source population given) @

10. If any of the results of the Yes 1

study were based on data No 0

dredging was this made clear? Unable to
determine
0

11. Were the statistical test used ~ Yes 1

to assess the main outcomes No 0

appropriate? Unable to
determine
0

12. Were the main outcome Yes 1

measures used accurate (valid No 0

and reliable)? Unable to
determine
0

Total Max 13

8Data in the article or in the article authors refer to
bNo confounders used
°Decision tree, no confounders used



