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ABSTRACT 

OBJECTIVE–We examined whether psychological distress predicts incident type 2 diabetes and if 

the association differs between populations at higher or lower risk of type 2 diabetes. 

RESEARCH DESIGN AND METHODS–Prospective cohort of 5,932 diabetes-free adults (4,189 

men, 1,743 women, mean age 54.6 years) with three 5-year data cycles (1991-2009), a total of 

13,207 person-observations. Participants were classified into 4 groups according to their prediabetes 

status and Framingham Offspring Type 2 Diabetes Risk Score: normoglycemia with a risk score of 

0-9; normoglycemia with a risk score of 10-19; prediabetes with a risk score of 10-19; prediabetes 

with a risk score of >19. Psychological distress was assessed by the General Health Questionnaire. 

Incident type 2 diabetes was ascertained by 2-hour oral glucose tolerance test, doctor diagnosis or 

use of antihyperglycemic medication at the 5-year follow-up for each data cycle. Adjustments were 

made for age, sex, ethnicity, socioeconomic status, antidepressant use, smoking, and physical 

activity. 

RESULTS–Among participants with normoglycemia and among those with prediabetes combined 

with a low risk score, psychological distress did not predict type 2 diabetes. Diabetes incidence in 

these groups varied between 1.6% and 15.6%. Among participants with prediabetes and a high risk 

score, 40.9% of those with psychological distress compared with 28.5% of those without distress 

developed diabetes during the follow-up. The corresponding adjusted odds ratio for psychological 

distress was 2.07 (95% CI 1.19-3.62). 

CONCLUSIONS– These data suggest that psychological distress is associated with an accelerated 

progression to manifest diabetes in a sub-population with advanced prediabetes.  
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Type 2 diabetes is preceded by a period of marked changes in glucose regulation. The pre-diabetic 

period can last over 10 years (1) providing a crucial window for effective prevention of type 2 

diabetes. To date, the focus of preventive efforts has been on lifestyle and pharmacological 

interventions (1-3). However, there has been widespread interest in the role of psychological 

factors, such as depression and stress, in the onset of type 2 diabetes. Suggested plausible 

mechanisms are health risk behaviors and increased body weight, dysregulation of the 

hypothalamus-pituitary-adrenal (HPA) axis, overactivation of the sympathetic nervous system and 

increased chronic inflammation; all of which are known to adversely affect glucose metabolism (4, 

5). 

There is some evidence that depression is an independent risk factor for type 2 diabetes (6-

8), but findings for ‘general’ stress and work stress are less consistent (9-18). A major limitation of 

existing research on psychological factors and diabetes risk is reliance on the crude 

dichotomization; no diabetes versus diabetes. This categorization does not take into account the 

long prediabetic period preceding manifest disease and the possibility that those at an advanced 

stage on the continuum between health and disease might be differentially vulnerable to the effects 

of psychological factors (17). Some evidence to support this hypothesis was found in a study 

including 128 male Japanese workers with prediabetes which reported an increased risk of type 2 

diabetes among those with high levels of baseline stress (19).  

Although it captures a range of comorbid psychological factors, such as depressive and 

anxiety symptoms, stress and disturbed sleep, psychological distress has rarely been examined as a 

psychological risk factor for type 2 diabetes (11, 18, 20) and no study has examined whether the 

associations differ in populations at higher or lower risk of progressing to manifest diabetes. In this 

study we examined whether psychological distress at baseline differentially predicted incident type 

2 diabetes in analyses stratified by the type 2 diabetes risk level based on (1) the presence or 

absence of prediabetes and (2) on the Framingham Offspring type 2 diabetes risk score (21).  
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RESEARCH DESIGN AND METHODS 

 

Participants and procedure 

 

Recruitment to the Whitehall II study took place between 1985 and 1988 among all office staff, 

aged 35 to 55 years, in 20 London-based Civil Service departments (22). The response rate was 

73% (6,895 men and 3,413 women). Informed consent was obtained from all participants and 

University College London Medical School Committee on the Ethics of Human Research approved 

the protocol.  

The target population for the present study was a sample of 5,932 participants (4,189 men, 

1,743 women, mean age 54.6 years) for whom data were collected in at least 2 of the following 

cycles: from 1991-3 to1997-9, from 1997-9 to 2002-4, and from 2002-4 to 2007-9. Included 

participants had complete data on type 2 diabetes, psychological distress, Framingham Offspring 

type 2 diabetes risk score (21) and covariates (age, sex, socioeconomic status, ethnicity, 

antidepressant use, smoking, and physical activity) at baseline. Those included in the analyses were 

free of diabetes at the baseline cycle(s) and had data on their pre-diabetes status and Framingham 

Offspring type 2 diabetes risk score (Figure 1). Each participant could thus contribute to a minimum 

of 1 and a maximum of 3 cycles. The 5,932 eligible participants produced 13,207 person-

observations, mean follow-up time between baseline and follow-up for each cycle was 5.46 

(SD=0.51) years. 

 

Ascertainment of type 2 diabetes, prediabetes and type 2 diabetes risk status 

 

At each clinical phase venous blood samples were taken from individuals who were fasting ≥8 

hours (those whose clinic visit was in the afternoon had a light fat-free breakfast and they were 
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asked to fast for ≥5 hours) before undergoing a standard 2-h 75g oral glucose tolerance test (1). 

Diabetes was defined as fasting glucose >7.0 mmol/L, 2-hour post-load glucose >11.1 mmol/L 

(23-26), self-reported doctor-diagnosed diabetes, or use of diabetes medication. Blood samples 

were handled at all phases using similar standard protocols, and baseline cases were excluded 

from the prospective analyses. Prediabetes  was defined as impaired fasting glucose (IFG, a 

fasting glucose of 5.6-6.9 mmol/L and 2-hour glucose <7.8 mmol/L) and/or impaired glucose 

tolerance (IGT, a fasting glucose <7 mmol/L and a 2-hour post-load glucose of 7.8-11.0 mmol/L) 

(23).  

 The Framingham Offspring Type 2 Diabetes Risk Score is based on a previously 

published detailed algorithm (21) with the following components: impaired fasting glucose (IFG), 

overweight or obesity, low level of high-density lipoprotein (HDL), high level of triglycerides, 

elevated blood pressure or antihypertensive medication, and parental diabetes. The total score 

ranges from 0 to 30. In the present analysis, participants with impaired glucose tolerance (IGT) 

received the same score as those with IFG (10 points in both cases). In the Framingham Offspring 

study, participants with >19 points had an 8-year incidence of type 2 diabetes >15% (21), thus we 

used this score to determine high risk status. Participants with normoglycemia scored 0 to 18 in 

the Framingham risk score and were further classified into the low risk group (0-9 points) and 

intermediate risk group (10-19), the latter range corresponding to the lower (i.e., intermediate) risk 

group (10-19 points) among participants with prediabetes. Based on the baseline information on 

prediabetes status and the Framingham risk score, participants were classified into four groups: 1) 

no prediabetes, low Framingham risk score (0-9); 2) no prediabetes, intermediate Framingham risk 

score (10-19); 3) prediabetes with intermediate Framingham risk score (10-19); and 4) prediabetes 

with high Framingham risk score (>19). 
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Assessment of psychological distress 

 

The 30-item General Health Questionnaire (GHQ-30) was used to assess psychological distress 

(27). The GHQ is a screening instrument designed to detect common psychological symptoms, 

such as depression and anxiety. It is widely used in population-based surveys and trials, and has 

been validated in the Whitehall II study (28). Each questionnaire item enquires about a specific 

symptom; response categories are scored as either 1 or 0 to indicate presence or absence of the 

symptom. A total score of 5 or more led to individuals being defined as GHQ-symptom ’cases’ 

and scores 0-4 as ’non-cases’ (28). 

 

Assessment of covariates 

 

Socio-demographic covariates included age, sex, socioeconomic status (SES; based on the last 

known occupational grade and divided into high, intermediate and low), and ethnicity (white, 

South Asian or other), are all based on survey responses (22). Antidepressant use (yes/no) and 

smoking (yes/no) were based on self-reported information at the baseline survey of each cycle. 

Physical activity was assessed at cycle 1 based on answers to questions about the frequency and 

duration of participation in mildly energetic (e.g., weeding, general housework, bicycle repair), 

moderately energetic (e.g., dancing, cycling, leisurely swimming), and vigorous physical activity 

(e.g., running, hard swimming, playing squash). At cycles 2 and 3, the questionnaire included 20 

items on frequency and duration of participation in different physical activities (e.g., walking, 

cycling, sports) that were used to compute hours per week of each intensity level. Participants 

were classified as active (>2.5 hours/week of moderate physical activity or >1 hour/week of 

vigorous physical activity), inactive (<1 hour/week of moderate physical activity and <1 

hour/week of vigorous physical activity), or moderately active (if not active or inactive) (29). 
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Statistical analysis 

 

After harmonization of data across cycles, we examined associations between psychological distress 

at baseline and incident type 2 diabetes at follow-up for each cycle. We used generalized estimation 

equations (GEE) with a logistic link to control for intra-individual correlation between repeated 

measurements to estimate odds ratios (OR) and their 95% confidence intervals. GEE analysis was 

used because repeated measurements were nested within participants (i.e., the same individuals 

could contribute more than one observation to the dataset), and the GEE method takes into account 

non-independence of the within-participant observations when estimating standard errors. We first 

analyzed the association between psychological distress and the incidence of type 2 diabetes in the 

total cohort. Then we grouped the participants according to their baseline prediabetes status, 

Framingham Offspring Type 2 Diabetes Risk Score and psychological distress into 8 groups as 

follows: 1) normoglycemia – Framingham risk score 0 to 9 – no distress (reference group); 2) 

normoglycemia  – score 0 to 9 – distress; 3) normoglycemia – score 10 to 19 – no distress; 4) 

normoglycemia – score 10 to 19 – distress; 5) prediabetes –  score 10 to 19 – no distress; 6) 

prediabetes –  score 10 to 19 – distress; 7) prediabetes – score >19 – no distress, 8) prediabetes –

score >19 – distress. Models were adjusted for age, sex, SES, ethnicity, antidepressant use, 

smoking, and physical activity. SAS version 9.2 (SAS, Cary, NC, USA) was used for all analyses.  

 

RESULTS 

 

Table 1 shows the characteristics of participants at the baseline of each study cycle and in total. 

Proportion of participants who were white, high SES, without psychological distress, and who had 

incident type 2 diabetes were greater at the last cycle than at the first. Antidepressant use was more 
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prevalent and smoking less prevalent, and both high and low physical activity more prevalent in the 

latter cycles. Overall 5-year incidence for type 2 diabetes was 4.2%. 

 Associations between baseline covariates for participants with normoglycemia and 

prediabetes by psychological distress are presented in Supplemental Table S1. Irrespective of the 

participant’s prediabetes status, psychological distress was associated with younger age, female sex, 

intermediate SES, non-white ethnicity, antidepressant use, smoking, and low physical activity.  

In the total cohort, psychological distress did not predict type 2 diabetes after adjustment 

for age, sex, SES and ethnicity (OR=1.16, 95% CI 0.94-1.42, data not shown). We found no 

interaction between sex and psychological distress (P=0.37) or between ethnicity and psychological 

distress (P=0.91) in the prediction of type 2 diabetes.  

We then examined whether combinations of prediabetes status, Framingham Offspring 

Type 2 Diabetes Risk score and psychological distress predicted the incidence of type 2 diabetes. 

Figure 2 shows the unadjusted incidences. Type 2 diabetes incidence was low among participants 

with normoglycemia and a low risk score, irrespective of the presence (1.9%) or absence (1.6%) of 

psychological distress. Among the normoglycemic participants with an intermediate risk score of 

10-19, 7.6% of distressed and 6.0% of non-distressed people had type 2 diabetes at follow-up, the 

confidence intervals suggesting no association with psychological distress. Similarly, among 

participants with prediabetes and a Framingham risk score of 10-19, no difference was found in the 

incidence of type 2 diabetes between those with (15.6%) and without psychological distress 

(15.0%). However, among participants with prediabetes and a high Framingham risk score (>19) 

40.9% of those with psychological distress developed type 2 diabetes at follow-up compared to only 

28.5% of those without psychological distress. 

 Results of the multivariable adjusted logistic regression models confirm those from the 

unadjusted analysis by showing a strong dose-response association between prediabetes and 

Framingham risk score status, and risk of incident type 2 diabetes (Table 2). Moreover, 
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comparisons indicate no difference regarding the association between psychological distress and 

type 2 diabetes among normoglycemic participants or among those with prediabetes and a lower 

Framingham risk score, whereas among participants with prediabetes and a high Framingham risk 

score (>19), psychological distress was associated with a doubling of the risk of type 2 diabetes. A 

statistically significant interaction (P=0.039) was found when comparing the prediabetes-high 

Framingham risk score group with the other groups combined, as regards the association between 

psychological distress and incident type 2 diabetes. 

 The findings were replicated in sensitivity analysis using an alternative, less stringent cut-

point of >18 to define high Framingham risk score (Supplemental Table S2). 

 

CONCLUSIONS 

 

We examined whether the association between psychological distress and incident type 2 diabetes 

differed between populations at different baseline risk levels of type 2 diabetes as assessed by the 

presence of prediabetes and the level of Framingham Offspring Diabetes Risk Score. The 

Framingham score is based on traditional type 2 diabetes risk factors; prediabetes, overweight or 

obesity, low HDL level, increased level of triglycerides, hypertension, and a history of parental 

diabetes. In the present study, the score was a strong predictor of incident type 2 diabetes. 

 Our main finding was that psychological distress is associated with a doubling of diabetes 

risk in high-risk populations. In the overall analysis, psychological distress was not significantly 

associated with type 2 diabetes. Subsequent stratified analysis revealed no association between 

psychological distress and type 2 diabetes in normoglycemic participants irrespective of the risk 

score and in participants with prediabetes and a lower Framingham risk score. However, in the 

group of participants with prediabetes and high risk score (>19), the 5-year incidence of diabetes 

was 28.5% in those without psychological distress and 40.9% in those with psychological distress at 
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baseline. In the multivariate adjusted model the odds ratio was twofold increased among those with 

psychological distress compared to those without. The findings were replicated using a lower cut-

point (>18) for defining a high Framingham risk score.  

 Earlier literature suggests that the relationship between psychosocial factors and type 2 

diabetes may be complex (16, 17). We found no overall association between psychological distress 

and type 2 diabetes. Earlier findings on the association between psychological factors, such as 

general stress and work stress, and incident type 2 diabetes have been mixed, including both null 

and positive findings (10-17). Inconsistencies in earlier research may not only be due to the use of 

different stress and distress indicators across studies but also, as our present findings suggest, a 

failure to recognize that the ‘non-diabetes’ group might be heterogeneous in terms of vulnerability 

to distress; those at an ‘advanced’ stage of prediabetes may be more affected by the adverse 

metabolic effects of psychological distress than those at lower risk levels (1, 17). Indeed, the effect 

of psychological stress factors have been suggested to be synergistic (17). Rather than a general risk 

factor in all diabetes-free populations, it might be a stage-specific risk factor which has a much 

stronger effect among those at an advanced stage of progression towards manifest type 2 diabetes. 

In line with our results, an earlier report from the Whitehall II study showed that work stress 

predicted type 2 diabetes among obese but not non-obese women (14).  

 Plausible pathways through which psychological distress may accelerate progression to 

type 2 diabetes among high-risk individuals include health risk behaviors and direct physiological 

pathways, such as long-term dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis 

leading to increased levels of glucocorticoids, especially cortisol, and changes in immune system 

activity leading to increased concentrations of pro-inflammatory cytokines) (1, 8, 16, 17). There is 

some evidence supporting inflammation and lifestyle factors as mediators between depressive 

symptoms and incident type 2 diabetes (8).  
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 Healthcare implications of this study include the notion that psychological distress might 

hamper the outcomes of intensive lifestyle and other treatment interventions targeted at high risk 

groups (2, 3). Psychological distress symptoms, such as stress, anxiety, depression, feelings of 

hopelessness and sleep disturbances have previously been shown to hinder commitment to major, 

long-term lifestyle changes and reduce adherence to pharmacological treatments (30). 

 There are limitations to our study. First, although the study had a high response rate in the 

successive data collection phases, loss to follow-up accumulated over time, as in most long-term 

cohort studies. However, large differences in missing data as a function of psychological distress 

and type 2 diabetes seem unlikely. Second, participants of the Whitehall II study are from an 

occupational cohort that is likely to cover a ‘healthier’ end of the variation in health status 

compared with the general population which limits generalizability of our findings. Third, we used 

the GHQ-30 to detect psychological distress symptoms. As this instrument was not designed to 

make a psychiatric diagnosis of depression or anxiety, we cannot exclude the possibility of 

confounding by unmeasured depression or anxiety disorders. However, this is unlikely to be a major 

source of bias because the GHQ-30 has been shown to be a valid screening instrument for mental 

disorders, particularly depression in the Whitehall II study (28). The strengths of this study are its 

large sample size and use of accurate, repeat assessments of all examined variables, use of the 

Framingham risk score based on clinical measurements, and ascertainment of diabetes based on the 

standard 75g oral glucose tolerance test at each clinical study cycle (23, 24). However, part of the 

incident type 2 diabetes identification was based on self-report although antihyperglycemic 

medication was confirmed by asking the participants to take their medications or list of medications 

to the study clinic. Of those participants who had self-reported diagnosis of diabetes without 

evidence on the use of antihyperglycemic medications (33.4% of incident cases) a substantial 

proportion was confirmed by a repeat OGTT or by antihyperglycemic medication at the subsequent 

phase leaving only 23.6% of all incident diabetes cases unconfirmed. 
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In summary, this observational study suggests that psychological distress may be related to 

accelerated progression of late stage prediabetes to clinical diabetes. Further investigations are 

needed to examine mechanisms linking psychological distress to onset of type 2 diabetes in this 

group. Current prevention guidelines do not generally consider psychological factors such as stress 

or depression (31), although some recognize them as contributing factors to be taken into account in 

efforts to prevent type 2 diabetes (32). Given the high comorbidity between psychological problems 

and diabetes and the accumulation of evidence on the role of psychological distress as a predictor of 

type 2 diabetes, it is important to consider whether more attention should be paid to psychological 

status among high-risk populations in addition to lifestyle modifications. 

  



12 
 

Author contributions: M.V. wrote the manuscript and researched data and, as the guarantor, takes 

full responsibility for the work as a whole, including the study design, access to data, and the 

decision to submit and publish the manuscript. J.F. wrote the manuscript and reviewed/edited the 

manuscript. A.T. reviewed/edited the manuscript. T.A. reviewed/edited the manuscript. J.V. 

reviewed/edited the manuscript. A.S-M. reviewed/edited the manuscript. M.K. helped in study 

design, wrote the manuscript and reviewed/edited the manuscript. 

 

Conflicts of Interest Disclosures: None reported. 

 

Acknowledgments  

 

Funding: The Whitehall II Study is supported by grants from the Medical Research Council 

(K013351); British Heart Foundation; National Heart Blood and Lung Institute, NIH, US 

(R01HL036310), and the National Institute of Aging, NIH, US (R01AG013196 and 

R01AG034454). Virtanen (the guarantor) is supported by the Academy of Finland (258598, 

265174), Tabak by the TÁMOP 4.2.4.A/1-11-1-2012-0001 National Excellence Program (a 

research fellowship co-financed by the European Union and the European Social Fund), Akbaraly 

by the National Heart Lung and Blood Institute (R01HL036310) and by the Languedoc-Roussillon 

Region (Chercheur d’avenir Grant 2011), Singh-Manoux by the National Institute of Aging, NIH, 

US (R01AG013196 and R01AG034454). Kivimäki is supported by the Medical Research Council 

(K013351), the US National Institutes of Health (R01HL036310, R01AG034454) and a professorial 

fellowship from the Economic and Social Research Council. The study sponsors had no role in 

study design, analysis, or interpretation of the data; or preparation, review, or approval of the 

manuscript.  



13 
 

References 

1. Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimäki M. Prediabetes: a high-risk state for 
diabetes development. Lancet 2012;6736:1-12. 

2. Aroda VR, Ratner R. Approach to the patient with prediabetes. J Clin Endocrinol Metab 
2008;93:3259-3265. 

3. Fonseca VA. Identification and treatment of prediabetes to prevent progression to type 2 diabetes. 
Clin Cornerst 2007;8:10-20. 

4. McEwen BS. Protective and damaging effects of stress mediators. N Engl J Med 1998;338:171-9. 
5. Brotman DJ, Golden SH, Wittstein IS. The cardiovascular toll of stress. Lancet 2007;370:1089-1100. 
6. Knol M, Twisk J, Beekman A, Heine RJ, Snoek FJ, Pouwer F. Depression as a risk factor for the 

onset of type 2 diabetes: a meta-analysis. Diabetologia 2006;49:837-845. 
7. Mezuk B, Eaton WW, Albrecht S, Golden SH. Depression and type 2 diabetes over the lifespan. 

Diabetes Care 2008;21:2383-2390. 
8. Golden SH, Lazo M, Carnethon M, Bertoni AG, Schreiner PJ, Diez Roux AV, Lee HB, Lyketsos C. 

Examining a bidirectional association between depressive symptoms and diabetes. JAMA 
2008;299:2751-2759. 

9. Cosgrove MP, Sargeant LA, Caleyachetty R, Griffin SJ. Work-related stress and Type 2 diabetes: 
systematic review and meta-analysis. Occup Med 2012;62:167-173. 

10. Norberg M, Stenlund H, Lindahl B, Andersson C, Eriksson JW, Weinehall L. Work stress and low 
emotional support is associated with increased risk of future type 2 diabetes in women. Diabetes Res 
Clin Pract 2007;76:368-377. 

11. Kumari M, Head J, Marmot M. Prospective study of social and other risk factors for incidence of 
type 2 diabetes in the Whitehall II study. Arch Intern Med 2004;164:1873-1880. 

12. Heraclides A, Chandola T, Witte DR, Brunner EJ. Psychosocial stress at work doubles the risk of 
type 2 diabetes in middle-aged women. Diabetes Care 2009;32:2230-2235. 

13. Kawakami N, Araki S, Takatsuka N, Shimitsu H, Ishibashi H. Overtime, psychosocial work 
conditions, and occurrence of non-insulin dependent diabetes mellitus in Japanese men. J Epidemiol 
Community Health 1999;53:359-363. 

14. Heraclides AM, Chandola T, Witte DR, Brunner EJ. Work stress, obesity and the risk of type 2 
diabetes: gender-specific bidirectional effect in the Whitehall II study. Obesity 2012;20:428-433. 

15. Chida Y. An association of adverse psychosocial factors with diabetes mellitus: a meta-analysis of 
longitudinal cohort studies. Diabetologia 2008;51:2168-2178. 

16. Pouwer F, Kupper N, Adriaanse MC. Does emotional stress cause type 2 diabetes mellitus? A 
review from the European Depression in Diabetes (EDID) research consortium. Discov Med 
2010;9:112-118. 

17. Brunner EJ, Kivimaki M. Epidemiology: Work-related stress and the risk of type 2 diabetes mellitus. 
Nat Rev Endocrinol 2013;9:449-450.. 

18. Eriksson A-K, van den Donk M, Hilding A, Östenson CG. Work stress, sense of coherence, and risk 
of type 2 diabetes in a prospective study of middle-aged Swedish men and women Diabetes Care 
2013;36:2683-2689. 

19. Toshihiro M, Saito K, Takikawa S, Takebe N, Onoda T, Satoh J. Psychosocial factors are 
independent risk factors for the development of Type 2 diabetes in Japanese workers with impaired 
fasting glucose and/or impaired glucose tolerance. Diabetic Med 2008;25:1211-1217. 

20. Mommersteeg PM, Herr R, Zijlstra WP, Schneider S, Pouwer F. Higher levels of psychological 
distress are associated with a higher risk of incident diabetes during 18 year follow-up: results from 
the British household panel survey. BMC Public Health 2012;12:1109. 

21. Wilson PWF, Meigs JB, Sullivan L, Fox CS, Nathan DM, D'Agostino RB Sr. Predicition od incident 
diabetes mellitus in middle-aged adults. Arch Intern Med 2007;167:1068-1074. 

22. Marmot M, Brunner E. Cohort Profile: the Whitehall II study. Int J Epidemiol 2005;34:251-256. 
23. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 

2010;33:S62-S69. 
24. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its 

complications. Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO 
consultation. Diabet Med 1998;15:539-553. 



14 
 

25. Brunner EJ, Marmot MG, Nanchahal K, Shipley MJ, Stansfeld SA, Juneja M, Alberti KG. Social 
inequality in coronary risk: central obesity and the metabolic syndrome. Evidence from the 
Whitehall II study. Diabetologia 1997;40:1341-1349. 

26. Tabak AG, Jokela M, Akbaraly TN, Brunner EJ, Kivimäki M, Witte DR. Trajectories of glycaemia, 
insulin sensitivity, and insulin secretion before diagnosis of type 2 diabetes: an analysis from the 
Whitehall II study. Lancet 2009;373:2215-2221. 

27. Goldberg DP. The detection of psychiatric illness by questionnaire. London: Oxford University 
Press, 1972. 

28. Head J, Stansfeld SA, Ebmeier KP, Geddes JR, Allan CL, Lewis G, Kivimäki M. Use of self-
administered instruments to assess psychiatric disorders in older people: validity of the General 
Health Questionnaire, the Center for Epidemiologic Studies Depression Scale and the self-
completion version of the revised Clinical Interview Schedule. Psychol Med 2013;43:2649-2656. 

29. Stringhini S, Sabia S, Shipley M, Brunner E, Nabi H, Kivimäki M, Singh-Manoux A. Association of 
socioeconomic position with health behaviors and mortality. JAMA 2010;303:1159-1166. 

30. Gonzalez JS, Peyrot M, McCarl LA, Collins EM, Serpa L, Mimiaga MJ, Safren SA. Depression and 
diabetes treatment nonadherence: a meta-analysis. Diabetes Care 2008;31:2398-2403. 

31. Ryden L, Grant PJ, Anker SD, Berne C, Cosentino F, Danchin N, Deaton C, Escaned J, Hammes 
HP, Huikuri H, Marre M, Marx N, Mellbin L, Ostergren J, Patrono C, Seferovic P, Uva MS, 
Taskinen MR, Tendera M, Tuomilehto J, Valensi P, Zamorano JL; ESC Committee for Practice 
Guidelines (CPG), Zamorano JL, Achenbach S, Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton 
C, Erol C, Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof P, Knuuti J, Kolh P, Lancellotti P, 
Linhart A, Nihoyannopoulos P, Piepoli MF, Ponikowski P, Sirnes PA, Tamargo JL, Tendera M, 
Torbicki A, Wijns W, Windecker S; Document Reviewers, De Backer G, Sirnes PA, Ezquerra EA, 
Avogaro A, Badimon L, Baranova E, Baumgartner H, Betteridge J, Ceriello A, Fagard R, Funck-
Brentano C, Gulba DC, Hasdai D, Hoes AW, Kjekshus JK, Knuuti J, Kolh P, Lev E, Mueller C, 
Neyses L, Nilsson PM, Perk J, Ponikowski P, Reiner Z, Sattar N, Schächinger V, Scheen A, 
Schirmer H, Strömberg A, Sudzhaeva S, Tamargo JL, Viigimaa M, Vlachopoulos C, Xuereb RG. 
ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration 
with the EASD: The Task Force on diabetes, pre-diabetes, and cardiovascular diseases of the 
European Society of Cardiology (ESC) and developed in collaboration with the European 
Association for the Study of Diabetes (EASD). ESC Guidelines on diabetes, pre-diabetes, and 
cardiovascular diseases developed in collaboration with the EASD: The Task Force on diabetes, pre-
diabetes, and cardiovascular diseases of the European Society of Cardiology (ESC) and developed in 
collaboration with the European Association for the Study of Diabetes (EASD). Eur Heart J 
2013;34:3035-3087. 

32. Lindstrom J, Neumann A, Sheppard KE, Gilis-Januszewska A, Greaves CJ, Handke U, Pajunen P, 
Puhl S, Pölönen A, Rissanen A, Roden M, Stemper T, Telle-Hjellset V, Tuomilehto J, Velickiene D, 
Schwarz PE, Acosta T, Adler M, AlKerwi A, Barengo N, Barengo R, Boavida JM, Charlesworth K, 
Christov V, Claussen B, Cos X, Cosson E, Deceukelier S, Dimitrijevic-Sreckovic V, Djordjevic P, 
Evans P, Felton AM, Fischer M, Gabriel-Sanchez R, Gilis-Januszewska A, Goldfracht M, Gomez 
JL, Greaves CJ, Hall M, Handke U, Hauner H, Herbst J, Hermanns N, Herrebrugh L, Huber C, 
Hühmer U, Huttunen J, Jotic A, Kamenov Z, Karadeniz S, Katsilambros N, Khalangot M, 
Kissimova-Skarbek K, Köhler D, Kopp V, Kronsbein P, Kulzer B, Kyne-Grzebalski D, Lalic K, 
Lalic N, Landgraf R, Lee-Barkey YH, Liatis S, Lindström J, Makrilakis K, McIntosh C, McKee M, 
Mesquita AC, Misina D, Muylle F, Neumann A, Paiva AC, Pajunen P, Paulweber B, Peltonen M, 
Perrenoud L, Pfeiffer A, Pölönen A, Puhl S, Raposo F, Reinehr T, Rissanen A, Robinson C, Roden 
M, Rothe U, Saaristo T, Scholl J, Schwarz PE, Sheppard KE, Spiers S, Stemper T, Stratmann B, 
Szendroedi J, Szybinski Z, Tankova T, Telle-Hjellset V, Terry G, Tolks D, Toti F, Tuomilehto J, 
Undeutsch A, Valadas C, Valensi P, Velickiene D, Vermunt P, Weiss R, Wens J, Yilmaz T. Take 
action to prevent diabetes--the IMAGE toolkit for the prevention of type 2 diabetes in Europe. Take 
action to prevent diabetes--the IMAGE toolkit for the prevention of type 2 diabetes in Europe. Horm 
Metab Res 2010;42:S37-S55. 

 



15 
 

FIGURE LEGENDS 

 

Figure 1. Flow chart of the data cycles and sample selection procedure  

 

Figure 2. Unadjusted incidence (95 % confidence interval) of type 2 diabetes among participants 

with normoglycemia and participants with prediabetes; participants further stratified by the 

Framingham Offspring Type 2 Diabetes Risk Score (FRS) and psychological distress 

 
 



 
 

  Baseline study cycle 

 All  

n=13,207* 

1 (1991-3) 

n=5,331 

2 (1997-9) 

n=3,635 

3 (2002-4) 

n=4,241 

Age; mean (SD) 54.6 (7.7) 49.2 (6.0) 55.4 (5.9) 60.6 (5.9) 

Sex     

Male  9,461 (71.6) 3,788 (71.1) 2,595 (71.4) 3,078 (72.6) 

Female  3,746 (28.4) 1,543 (28.9) 1,040 (28.6) 1,163 (27.4) 

Ethnicity     

White 12,325 (93.3) 4,916 (92.2) 3,412 (93.9) 3,997 (94.3) 

South Asian 465 (3.5) 210 (3.9) 121 (3.3) 134 (3.2) 

Other 417 (3.2) 205 (3.9) 102 (2.8) 110 (2.6) 

Socioeconomic status (SES)     

1 highest 5,476 (41.5) 1,841 (34.5) 1,626 (44.7) 2,009 (47.4) 

2  6,120 (46.3) 2,664 (50.0) 1,610 (44.3) 1,846 (43.5) 

3 lowest 1,611 (12.2) 826 (15.5) 399 (11.0) 386 (9.1) 

Psychological distress     

No 10,440 (79.1) 4,173 (78.3) 2,852 (78.5) 3,415 (80.5) 

Yes 2,767 (21.0) 1,158 (21.7) 783 (21.5) 826 (19.5) 

Antidepressant use     

No 12,905 (97.7) 5,248 (98.4) 3,549 (97.6) 4,108 (96.9) 

Yes 302 (2.3) 83 (1.6) 86 (2.4) 133 (3.1) 

Smoking     

No 11,992 (90.8) 4,725 (88.6) 3,315 (91.2) 3,952 (93.2) 

Yes 1,215 (9.2) 606 (11.4) 320 (8.8) 289 (6.8) 

Physical activity     

High 7,392 (56.0) 2,839 (53.3) 2,033 (55.9) 2,520 (59.4) 

Intermediate 2,874 (21.8) 1,542 (28.9) 603 (16.6) 729 (17.2) 

Low 2,941 (22.3) 950 (17.8) 999 (27.5) 992 (23.4) 
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Framingham Offspring type 2 diabetes 

risk score; mean (SD)
 

5.4 (5.3) 5.0 (5.3) 5.5 (5.4) 5.8 (5.3) 

Incidence of type 2 diabetes at follow-up     

No 12,657 (95.8) 5,155 (96.7) 3,482 (95.8) 4,020 (94.8) 

Yes 550 (4.2) 176 (3.3) 153 (4.2) 221 (5.2) 

*Total n refers to the sum of participants (n of person-observations) in total and across the three study cycles (one 

participantcan contribute to one or more study cycle); n in each study cycle refers to number of participants at that 

cycle. 

 

Table 1 - Characteristics of the participants at the baseline of the 3 cycles. Figures are number (%) unless 

otherwise stated 
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Prediabetes status, risk level 

(FRS) and psychological 

distress at baseline 

No. of 

person-

obser-

vations 

No. of 

incident 

Cases 

Odds ratio (95% confidence interval) for incident type 2 diabetes 

Comparison 1 Comparison 2
 

Comparison 3 Comparison 4 Comparison 5 Comparison 6 Comparison 7 Comparison 8 

All 13,20

7 

550         

Normoglycemia – FRS  0-9    

– no distress 

8,025 129 1.00 (Ref.) 0.83 (0.58-1.18) 0.27 (0.19-0.36) 0.21 (0.13-0.34) 0.10 (0.08-0.13) 0.09 (0.06-0.14) 0.05 (0.03-0.06) 0.02 (0.01-0.04) 

Normoglycemia – FRS 0-9     

– distress 

2,220 41 1.20 (0.84-1.71) 1.00 (Ref.) 0.32 (0.21-0.48) 0.25 (0.14-0.44) 0.12 (0.09-0.18) 0.11 (0.07-0.18) 0.06 (0.04-0.08) 0.03 (0.02-0.05) 

Normoglycemia – FRS 10-19 

– no distress 

1,102 66 3.77 (2.76-5.14) 3.13 (2.10-4.68) 1.00 (Ref.) 0.79 (0.47-1.33) 0.38 (0.28-0.53) 0.35 (0.23-0.56) 0.18 (0.12-0.26) 0.09 (0.05-0.15) 

Normoglycemia – FRS 10-19 

– distress 

263 20 4.79 (2.93-7.84) 3.98 (2.29-6.91) 1.27 (0.75-2.15) 1.00 (Ref.) 0.49 (0.30-0.80) 0.45 (0.25-0.81) 0.22 (0.13-0.38) 0.11 (0.05-0.21) 

Prediabetes –  FRS 10-19     
 
 

– no distress  

1,043 156 9.81 (7.60-12.66) 8.15 (5.69-11.65) 2.60 (1.90-3.56) 2.05 (1.24-3.37)  1.00 (Ref.) 0.92 (0.61-1.40) 0.46 (0.33-0.63) 0.22 (0.13-0.37) 

Prediabetes – FRS 10-19        

–  distress 

218 34 10.64 (7.03-16.11) 8.84 (5.45-14.33) 2.82 (1.79-4.44) 2.22 (1.23-4.01) 1.09 (0.72-0.64)  1.00 (Ref.) 0.50 (0.32-0.78) 0.24 (0.13-0.44) 

Prediabetes – FRS>19             270 77 21.39 (15.51-29.50) 17.77 (11.84-26.69) 5.68 (3.90-8.25) 4.47 (2.62-7.61) 2.18 (1.58-3.01) 2.01 (1.28-3.17) 1.00 (Ref.) 0.48 (0.28-0.84) 
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– no distress  

Prediabetes – FRS>19             

–  distress 

66 27 44.31 (26.29-74.68) 36.81 (20.76-65.26) 11.76 (6.77-20.42) 9.25 (4.70-18.22) 4.52 (2.67-7.63) 4.16 (2.25-7.71) 2.07 (1.19-3.62) 1.00 (Ref.) 

Models are adjusted for age, sex, socioeconomic status, ethnicity, antidepressant use, smoking, and physical activity. 

FRS: Framingham Offspring Type 2 Diabetes Risk Score. 

*All comparisons are based on the same data, but they have a different reference group 

 

Table 2 - Incidence of type 2 diabetes at follow-up among participants with normoglycemia  and participants with prediabetes at baseline; participants further stratified 

by Framingham Offspring Type 2 Diabetes Risk Score (FRS) and psychological distress. Alternative reference groups are shown in comparisons 1 to 8. 
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Figure 1 – Flow chart of the data cycles and sample selection procedure  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 

 

 

 
 
 
 
  

Whitehall II Study participants at study inception, 1985-8 (n=10,308) 

n=6,234 with normoglycemia; 

with baseline data on  

Framingham score, 

psychological distress and 

covariates;  

n=736 with prediabetes; with 

baseline data on Framingham 

score, psychological distress, 

and covariates 

n=3,704 with normoglycemia; 

with baseline data on 

Framingham score, 

psychological distress and 

covariates;  

n=540 with prediabetes; with 

baseline data on Framingham 

score, psychological distress, 

and covariates 

n=4,076 with normoglycemia; 

with baseline data on  

Framingham score, 

psychological distress and 

covariates;  

n= 732 with prediabetes; with 

baseline data on Framingham 

score, psychological distress, 

and covariates 

n=5,331 with data on  

diabetes at follow-up (1997-9) 

n=3,635 with data on  

diabetes at follow-up (2002-4) 

n=4,241 with data on  

diabetes at follow-up (2007-9) 

n=13,207 person-observations 

Cycle 1 (baseline 1991-3; 

follow-up 1997-99) 

n=8,815 participants; 250 

had diabetes at baseline 

Cycle 2 (baseline 1997-9; 

follow-up 2002-4) 

n=7,870 participants; 389 

had diabetes at baseline 

Cycle 3 (baseline 2002-4; 

follow-up 2007-9) 

n=6,967 participants; 527 

had diabetes at baseline 

n=6,970 with complete data 

at baseline: 

n=4,244 with complete data 

at baseline: 

n=4,808 with complete data 

at baseline: 
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Figure 2 – Unadjusted incidence (95 % confidence interval) of type 2 diabetes among participants with 

normoglycemia and participants with prediabetes at baseline;  participants further stratified by the 

Framingham Offspring Type 2 Diabetes Risk Score (FRS) and psychological distress 
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  Normoglycemia  Prediabetes 

  Psychological distress  Psychological distress 

 All  

n=13,207* 

No               

n=9,127* 

Yes               

n=2,483* 

 No    

n=1,313* 

Yes               

n=284* 

Age; mean (SD) 54.6 (7.7) 54.6 (7.7) 52.8 (7.1)  57.6 (7.6) 55.0 (7.0) 

Sex       

Male  9,461 (71.6) 6,698 (73.4) 1,619 (65.2)  961 (73.2) 183 (64.4) 

Female  3,746 (28.4) 2,429 (26.6) 864 (34.8)  352 (26.8) 101 (35.6) 

Ethnicity       

White 12,325 (93.3) 8,562 (93.8) 2,306 (92.9)  1,201 (91.5) 256 (90.1) 

South Asian 465 (3.5) 265 (2.9) 110 (4.4)  69 (5.3) 21 (7.4) 

Other 417 (3.2) 300 (3.3) 67 (2.7)  43 (3.3) 7 (2.5) 

Socioeconomic status (SES)       

1 highest 5,476 (41.5) 3,857 (42.3) 976 (39.3)  536 (40.8) 107 (37.7) 

2  6,120 (46.3) 4,164 (45.6) 1,221 (49.2)  599 (45.6) 136 (47.9) 

3 lowest 1,611 (12.2) 1,106 (12.1) 286 (11.5)  178 (13.6) 41 (14.4) 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*N refers to the sum of participants (n of person-observations) in total and across the three study cycles. 

 

Supplemental Table S1 - Characteristics of the participants at baseline by prediabetes status and psychological distress. 

 Figures are number (%) unless otherwise stated. 
 
  

Antidepressant use       

No 12,905 (97.7) 8,993 (98.5) 2,348 (94.6)  1,291 (98.3) 273 (96.1) 

Yes 302 (2.3) 134 (1.5) 135 (5.4)  22 (1.7) 11 (3.9) 

Smoking       

No 11,992 (90.8) 8,264 (90.5) 2,230 (89.8)  1,237 (94.2) 261 (91.9) 

Yes 1,215 (9.2) 863 (9.5) 253 (10.2)  76 (5.8) 23 (8.1) 

Physical activity       

High 7,392 (56.0) 5,354 (58.7) 1,180 (47.5)  723 (55.1) 135 (47.5) 

Intermediate 2,874 (21.8) 1,900 (20.8) 621 (25.0)  277 (21.1) 76 (26.8) 

Low 2,941 (22.3) 1,873 (20.5) 682 (27.5)  313 (23.8) 73 (25.7) 

The Framingham Offspring type 2 diabetes 

risk score; mean (SD) 

5.4 (5.3) 4.0 (3.8) 4.0 (3.7)  15.5 (4.2) 16.0 (4.1) 
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Prediabetes status, risk level 

(FRS) and psychological 

distress at baseline 

No. of 

person-

obser-

vations 

No. of 

incident 

cases 

Odds ratio (95% confidence interval) for incident type 2 diabetes 

Comparison 1* Comparison 2
 

Comparison 3 Comparison 4 Comparison 5 Comparison 6 Comparison 7

All 13,207 550        

Normoglycemia – FRS 0-9     

– no distress 

8,025 129 1.00 (Ref.) 0.83 (0.58-1.18) 0.27 (0.19-0.36) 0.21 (0.13-0.34) 0.10 (0.08-0.13) 0.09 (0.06-0.14) 0.05 (0.03-0.06)

Normoglycemia – FRS 0-9     

– distress 

2,220 41  1.20 (0.84-1.71) 1.00 (Ref.) 0.32 (0.21-0.48) 0.25 (0.14-0.44) 0.12 (0.09-0.18) 0.11 (0.07-0.19) 0.06 (0.04-0.08)

Normoglycemia – FRS 10-18 

–  no distress 

1,102 66 3.77 (2.76-5.14) 3.13 (2.10-4.68) 1.00 (Ref.) 0.79 (0.47-1.33) 0.39 (0.28-0.53) 0.36 (0.23-0.56) 0.18 (0.12-0.26)

Normoglycemia – FRS 10-18 

–  distress 

263 20 4.78 (2.92-7.83) 3.98 (2.29-6.91) 1.27 (0.75-2.15) 1.00 (Ref.) 0.49 (0.30-0.81) 0.45 (0.25-0.82) 0.23 (0.13-0.38)

Prediabetes – FRS 10-18        

– no distress  

1,028 152 9.69 (7.49-12.53) 8.06 (5.62-11.54) 2.57 (1.88-3.52) 2.03 (1.23-3.33)  1.00 (Ref.) 0.92 (0.60-1.40) 0.50 (0.31-0.78)

Prediabetes – FRS 10-18        

–  distress 

213 33 10.55 (6.94-16.04) 8.77 (5.39-14.28) 2.80 (1.77-4.42) 2.20 (1.22-3.99) 1.09 (0.71-1.66)  1.00 (Ref.) 0.50 (0.32-0.78)

Prediabetes – FRS >18            285 81 21.26 (15.50-29.15) 17.67 (11.82-26.43) 5.64 (3.90-8.17) 4.44 (2.62-7.54) 2.19 (1.60-3.01) 2.02 (1.28-3.18) 1.00 (Ref.) 
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– no distress  

Prediabetes –  FRS>18            

–  distress 

71 28 41.26 (24.82-68.59) 34.30 (19.58-60.09) 10.96 (6.39-18.79) 8.62 (4.43-16.79) 4.26 (2.55-7.10) 3.91 (2.13-7.17) 1.94 (1.13-3.34)

Models are adjusted for age, sex, socioeconomic status, ethnicity, smoking, physical activity, and antidepressant use.  

FRS: Framingham Offspring Type 2 Diabetes Risk Score. 

*All comparisons are based on the same data, but they have a different reference group. 

 

Supplemental Table S2 – The incidence of type 2 diabetes at follow-up among participants with normoglycemia  and participants with prediabetes 

at baseline; participants further stratified by the level of Framingham Offspring Type 2 Diabetes Risk Score (FRS) and psychological distress. 

Alternative reference groups are shown in comparisons 1 to 8. 
 

 
 


