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Abstract

Background

Reviews have shown that depression is a risk factor for the develbpitype 2 diabete

However, there is limited evidence for general psychologicaledistto be associated wjth

incident diabetes. The aim of the present study was to test wipettsens who report high

levels of psychological distress are at increased risk tolajewgpe 2 diabetes during 18

years follow up, adjusted for confounders.

Methods

A prospective analysis using data from 9,514 participants (41 y&2x44544% men) of th

British Household Panel Survey. The General Health Questionnaiteni2ersion was uss
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to assess general psychological distress, diabetes wasratehy means of self-report. Cox
proportional hazards regression models were used to calculate ultigarate-adjuste
hazard ratio (HR) of incident diabetes during 18 years follow aqpparing participants with
low versus high psychological distress at baseline (1991).

j

Results

A total of 472 participants developed diabetes 18 year follow up. Thitisevaigh level of
psychological distress had a 33% higher hazard of developing diglbtiRe=1.33, 95%C
1.10-1.61), relative to those with a low level of psychological dsteedjusted for age, sax,
education level and household income. After further adjustment foretiffes in level o
energy, health status, health problems and activity level, highengisgecal distress was no
longer associated with incident diabetes (HR=1.10, 95%CI 0.91-1.34).

—

Conclusions

Higher levels of psychological distress are a risk factortfie development of diabetes
during an 18 year follow up period. This association may be potentrtjiated by lov
energy level and impaired health status.

Keywords

Type 2 diabetes, Psychological distress, Prospective, Risk factor, Britisehidtai®anel
Survey.

Background

Psychological distress has long been suspected as having impeftaciis on the
development of diabetes. The famous English physician Thomass \ib21-1675) for
example, already noted that diabetes often appeared among pefrsoriwadvexperienced
significant life events, sadness, or long sorrow [1]. In this conpsychological distress can
be defined as “the unique discomforting, emotional state experienced Individual in
response to a specific stressor or demand that results in lidr@n temporary or permanent,
to the person” [2]. Psychological distress measures are igensireening instruments to
detect mental disorders, affective disorders and anxiety dispidegpidemiological studies
and clinical populations [3,4]. In addition measurements of psychologjsiaéss reflect a
general tendency toward expressing psychological distresserrathan detecting
psychological caseness. Thus screening for psychologicalssigijoes beyond screening for
either depression or anxiety and can have added value in examinirrgl geopilations at
risk.

In recent decades, most studies have focused on depression as a&tosKofatype 2
diabetes. For example, meta-analyses by Knol et al. and Mealk stowed that the risk for
incident diabetes was 37-60% higher in depressed participants, cdniparen-depressed
controls [5,6]. Studies that have investigated different forms okdstissociated with type 2
diabetes incidence point toward an increased risk for increasa@ésdidi7/]. Concepts
associated with psychological distress as stress [8], streksly life [9], Type A behavior
[10], and anger temperament [11] show that mostly distressed9fdru{ not women [8,10],



or both men and women [11] were more likely to develop diabetes. Incadditnereas both
psychological distress, as measured with the general healttiognege (GHQ), and
diabetes have been associated with increased mortality [12]caéeistence of both
psychological distress and diabetes were associated with @&asedr mortality risk above
and beyond of either factor alone [12].

Due to the various concepts of psychological distress used in previoiisssive sought to
examine the association between psychological distress in femsreg the GHQ12 and
diabetes incidence. The aim of the present study was to ex#meiesk of psychological
distress to develop type 2 diabetes, adjusted for potential confounders, usingrdaadarge
prospective and representative cohort study: the British Househoéd Barvey [13]. We
hypothesize that reporting increased psychological distrdsssatine, is associated with an
increased diabetes incidence, over the course of 18 years follandependent of potential
confounding variables.

Methods

Design and participants

Data are part of the British Household Panel Survey (BHPS)tianaly representative
cohort of British households, recruited in 1991 and being re-intervieagu successive year
(or wave [13]. The main aim of the BHPS is to “further understanding amfia¢ and
economic change at the individual and household level in Britain [.. detatify, model and
forecast such changes, their causes and consequences in telatramge of socio-economic
variables.” The British Household Panel Survey is conducted by th€ EBRLongitudinal
Studies Centre (ULSC), together with the the Institute for&a@rd Economic Research
(ISER) at the University of Essex. In the present study, data collestwddn 1991 and 2009
were used (18 year follow-up cohort)[14]. The households were randonaigtesklfrom
postcode districts in order to be nationally representative. In 18264 persons were
annually interviewed starting in 1991, from age 16 and up. In eachdedaevere collected
on several topics e.g. ‘income and wealth’, ‘housing’, and ‘healtha Inained interviewer
during a home visit. Data collection was done in accordance to theratem of Helsinki,
and the study was ethically approved by the University of Edesitute for Social and
Economic Research [13]. For the present study, data on gegsrehological distress,
diabetes presence, demographic characteristics, life atylegeneral health were extracted
from the online database.

Of the 10,264 individuals who participated in 1991, respondents with missingmlatee
psychological distress questionnaine=(589/10,264; 5.7%) or who reported diabetes in 1991
(n = 179/10,264; 1.7%) were excluded. After exclusion of these two groups,attiemam
number of participants available for analysis at baseline was 9abfe(1). In total 45% of
the non-diabetes group had information until the end of the study (Wavenil@yean loss
to follow-up time was 7.3 years. The percentage of dropouts wasidrgtween wave 1 and
2 (10%), and between wave 2 and 3 (6%), and gradually decreasedsicutive waves,
ranging between 5% and 2%. When comparing the characteristics alrdpeut group
between wave 1-17 to the group with information available in wave 18 (deng)let
baseline, the dropout group showed no difference in psychological diatresseline and
was not different in BMI. Both groups comprised people with and witlthabetes.
However, the dropout group was significantly more likely to be oldele,nmot married,



lower educated, have a lower average household income, nonwhite, kegtierfeompared
to age), have an impaired health status, were more likely to rieealth problems, more
often reported an inactive/sedentary lifestyle, and were nicely to smoke. At the same
time, the dropout group had a lower diabetes incidence of 4% (219/5225), conpé&fé
(253/4289) in the completers grouﬁ € 14.6,p<.001). It must be noted that information on
wave of diabetes presence and wave until last measurement echsnube analysis, thus
optimizing the information available of people who dropped out during the 18 waves.

Table 1Baseline characteristics of participants without diabetes, stratiéd by
psychological distress.

psychological distress

Total High [4,021] Low [5,493] Test- p-
value' value

Sociodemographic factors N %/m n/SD %/m n/SD  %/m n/SD
Age [years] 9,514 43.8 18.1 445 18.0 434 18.2 8.81 0.003
Sex [female] 9,514 549,100 60% 2,417 499,683 118.5 <0.001
Marital status [married] 9,502 59%,639 58% 2331 6093,308 5.00 0.025
Professional education 9,497 445 <0.001

Lower education 33%3,101 36% 1,460 299%,641

Medium education 33938,119 32% 1,267 349,852

Higher education 359,277 32% 1,289 369,998
Race/ethnicity [non-white] 9,503 4% 352 4% 171 3% 181 5.94 0.015
Annual household income 9,514 73.9 <0.001

<15,000 £ 44%4,209 49% 1,979 41%,230

15,000-<35,000 £ 4694,358 42% 1,705 489,653

>35,000 £ 10%947 8% 337 11%610
Health
Energy 9,455 393.2 <0.001

More energetic 3292,987 25% 996 3694.,991

About the same 549%,124 53% 2,109 5598,015

Less energetic 149,344 22% 878 9% 446
Health status 9,508 13%,200 19% 777 8% 423 284.1 <0.001

One/some health problems 9,486 52060 59% 2,375 4792585 134.1 <0.001
of which:

Heart/blood pressure 11%076 13% 538 109%38 29.7 <0.001

Breathing problems, 10% 963 13% 507 8% 456 47.3 <0.001
asthma, bronchitis

Skin conditions/allergies 11%,001 12% 488 9% 513 19.3 <0.001

Stomach/liver/kidneys 6% 524 7% 295 4% 229 44.71 <0.001

Problems with arms, legs, 23% 2,138 27% 1,102 199,036 97.2 <0.001
etc.

Difficulty in seeing 7% 656 9% 348 6% 308 33.54 <0.001

Difficulty in hearing 7% 698 8% 313 7% 385 2.04 0.153

Migraine or frequent 8% 760 10% 414 6% 346 50.4 <0.001

headaches




Anxiety, depression, psych. 9,486 5% 473 10% 390 2% 83 329.3 <0.001
problems

Lifestyle
Leisure time activity 6,906 37.0 <0.001
Active 52% 3,609 50% 1,441 549%2,168
Moderately active 2094,391 19% 548 219843
Inactive/sedentary 28%,906 31% 912 259994
Smoking 9,506 30%2,856 33% 1,331 28%,525 31.5 <0.001
BMI [kg/m?] 2 4933 26.4 47 26.3 4.9 26.4 4.6 0.019 0.889
BMI categories 4,933
Underweight < 18.5 1% 69 2% 31 1% 38 7.28 0.064
Normal weight 18.5 - 24.9 4298,077 44% 898 4194,179
Overweight 25.0 - 29.9 38%,868 36% 731 39%.,137
Obese> 30.0 19%919 19% 385 199634

Test value Pearsori for categorical variables arftdvalue for continuous scores.
2 Activity level was measured in wave 6, and BMI was measured in wave 13.

Baseline data were used for age, sex, marital status (charfe 1,
separated/divorced/widowed/never married = 0), smoking (yes=1), texhatdevel (lower
education, medium education (up to O-level) and higher education (A4, lereual
household income (<15,000 £, 15,000 -<35,000 £,>8%J000 £), health status, and health
problems. Race/ethnicity was defined as: ‘white’ and ‘non-white’.

Diabetes

In each consecutive wave, diabetes presence was assessedligsiafjself-reported health
problems (Do you have any of the health problems or disabilitiessl lisn this card). In
another study, self-reported diabetes was shown to reliablyelatr with physician
diagnosed diabetes [15]. There was no distinction between type 1 diaetetype 2
diabetes, but as type 1 diabetes is generally diagnosed befagetlod 25, most cases with
type 1 diabetes are most likely excluded in the first wave.

Psychological distress

General psychological distress was measured with the 1/éesion of the General Health
Questionnaire, the GHQ12 [4]. This questionnaire was self-completatiebparticipants
during the home visit of the BHPS interviewer. The GHQ12 is usea stsort screening
instrument initially used to detect probable caseness of psychallodisorders in
epidemiological studies [4]. However, the GHQ reflects a génenadency toward
expressing psychological distress rather than detecting psyatadlagseness, and it was
used as an indicator of psychological distress in the preseiyt he reliability of the scale
in the present sample was= 0.85 (N = 9,675). The items are scored on a 1-4 item response
scale, adapted to a dimensional scale, which coded 0-0-1-1 for thiegibems, and 0-1-1-1
for the negative items (cGHQ12) [16]. In the present study aftwf <4 for the low-
psychological distress group, and >4 for the high psychological sisgr@up was used for
the cGHQ12, based on previous large scale validation studies [4]. &dditeonal analysis,
the continuous range of scores (0-12) were used.



Measurement of potential confounders

Energy level, health status, health problems, and leisure-tinngtyactrere studied as
potential confounders, as lower energy, poor health, and reducedghastivity can
contribute to both higher levels of distress and a higher risk to develop diabetes [17].

Energy

‘How energetic do you feel as compared to most people of your agd?’thike response
categories: ‘more energetic’, ‘about the same’, ‘less energetic’.

Health status

‘Does your health in any way limit your daily activities comgzhto most people of your
age?’ (No=0/Yes=1).

Health problems

Diabetes is often preceded by prodromal complaints, which may nidebgfied as being
related to diabetes. Therefore different categories of gptfrted health problems were
recoded into ‘none=0’ versus ‘one/some=1’, based on the following categbteart/blood
pressure’, ‘chest/breathing problems, asthma, bronchitis’, ‘skin conslllergies’,
‘stomachl/liver/kidneys’, ‘problems with arms/legs etc’, ‘diffiguiin seeing’, ‘difficulty in
hearing’, and ‘migraine or frequent headaches’.

Leisure-time activity

People reported in a ‘Leisure-time activities’ item how fregyethiey did leisure activities.
A score of 2 (=Active) was assigned if someone reportedaat lence a week’ to ‘play sport
or go walking or swimming’, a score of 1 (=Moderately activa@svassigned if a person
reported ‘at least once a week’ to either ‘work in the gardattend activity groups such as
evening classes, keep fit, yoga etc.’, or ‘Do Do-It-Yourself, édomaintenance or car
repairs’. Finally a score of ‘0’ (=Inactive/sedentary) vaasigned for the remaining answer
categories.

BMI and leisure-time activity from other waves

Data on body mass index (BMI) and leisure-time activity werteavailable in the first wave.
Data on leisure-time activity was available from 1996 (waver),BMI was available from
2004 (wave 13). Still, as both variables have been found to be relatelialietes
development, these variables were used to predict diabetes imcid€éhere was a
considerable number of missing cases in the waves of leisweattivity (73% availablen

= 6,906/9,514), and BMI (52% available= 4,933/9,514), and we choose to analyze BMI in
a separate model in the additional analysis.

Statistical analysis

Cox proportional hazards regression models were used to calculateithariate-adjusted
hazard ratio’s (HR) of diabetes for the high-distress compartetlow-distress group using



new diabetes cases in each consecutive wave [18]. Information on sligpetsent or
absent), and time (coded as either first wave of diabetes peeseniast wave of diabetes
absence) were used for the analysis. In total 12 casedeftetensored as there was missing
information on diabetes in 1-3 waves preceding the the first wasaloétes presence. As
this time frame and number of cases were limited, thesecdaftered cases were not
excluded.

We used two analysis strategies: first the effect of eaglriate was examined separately,
and second, the multivariate effect of a complete model wasl téstehe first analyses, the
individual HR of each covariate on diabetes incidence in the (agstead] model of high
distress was investigated (Table 2, first columns, with 95%Clpavalue). The covariate
adjusted HR of (age adjusted) high distress on diabetes incideasceeported (Table 2;
column HRyy. agj). This was done by adding each covariate separately to ute amnodel.
The change and the percent change in the log hazard ratie (Bg HR) of high
psychological distress (Bge mode— Bhew model Was calculated before and after adjustment for
each individual potential confounder for the complete model availableepoded in Table

2 as well (Table 2: Change {Bie model— Brew modd @and % Change). To deal with loss to
follow-up, a separate, additional, complete model was assesselstduta or categorized
BMI. A negative value depicts decreasein LogHR for the high distress group after
adjustment, whereas a positive score indicateaa@easein the LogHR for the high-distress
group after adjustment. We considered an absolute change in LogHRto>1%4ve a
substantial effect as a confounder or mediator on the diabetes-assoskatégsychological
distress, based on the present sample size, the number of coarthimsdapted in line with
the method used by Whooley and colleagues [19]. Second, a complete matdtiadiusted
model was built. The covariates with a substantial effect (ab%olute change in LogHR)
were included hierarchically in three blocks of factors (socmmgaphic, health, and
lifestyle) (Table 3).

Table 2 Covariate adjusted Hazard Ratio table.

Covariate HR' 95% CI p-value HR cov. Change® % Change*
adi.

High distress [age adj].] 1.33 1.10-1.61 0.003 - - -

Sociodemographic factors

Age 1.04 1.03-1.04 <0.001 1.33 - -

Female sex [ref male] 0.74 0.62-0.90 0.002 1.37 0.030 10.36

Marital status [ref unmarried] 1.18 0.96-1.45 0.120 1.34 0.006 2.25
Lower education [ref medium] 1.29 1.02-1.64 0.037 1.29 -0.028 -9.37
Higher education [ref lower] 0.80 0.62-1.03 0.084

Race/ethnicity [ref white] 2.63 1.27-4.02 <0.001 1.33 -0.003 -0.95
Annual household income 1.10 0.89-1.35 0.398 1.31 -0.013 -4.52
<15,000 [ref 15,000 - <35,000]

Annual household inconte 0.60 0.39-0.91 0.016
35,000 [ref 15,000 - <35,000]

Health
More energetic [ref same 0.74 0.59-0.93 0.009 1.14 -0.155 -54.25

energy]
Less energy [ref same energy] 2.09 1.65-2.66 <0.001

Health status [ref ‘no’] 2.36 1.88-2.95 <0.001 1.19 -0.114 -39.90




One/some health problems [refl.70 1.38-2.10 <0.001 1.26 -0.055 -19.20
‘none’]

Lifestyle

Inactive/sedentary [ref 0.95 0.74-1.23 0.698 1.31 -0.013 -4.54
moderately active]

Active [ref moderately active] 0.72 0.57-0.89 0.003

Smoking [ref no] 1.17 0.95-1.44 0.137 1.32 -0.006 -2.21
Additional analysi3
BMI [kg/m7] 112 1.11-1.14 <0001 129 0013 538

BMI category< 18.5 [ref 18.5- 2.19 0.95-5.06 0.065  1.29 0.009  3.61
24.9]

BMI category 25.0-29.9 [ref 2.09 1.55-2.81 <0.001
18.5-24.9]

BMI category> 30 [ref 18.5- 6.13 4.61-8.14 <0.001

24.9]

' The HR of each individual covariate is reported, adjusted for higheds and age. Health
status and health problems are additionally adjusted for time depentEactions (not
shown).

2 The ‘HRyv. adi; IS the HR of high distress, adjusted for age and each cavariat
independently.

3 Change in the strength (logHR) of association of high distbessre and after each
covariate adjustment = Change in logHR {8 moder Brew mode), @and B = logHR.

* The percentage change = 100*(Change in logHR}Bn.del Absolute changes >1% were
considered relevant, and included in subsequent multivariate regression models.

® Information on BMI was not available until wave 13, and separatgsimavere done for
BMI, based on 452 diabetes events and 4780 cases. The age adjusted HiRlistiggs was
1.28 (95% CI = 1.03-1.5p,= .023) in that sample size.

Table 3Covariate adjusted hazard ratios for high distress (top panel) and hazard ratio
of the covariates for the complete model (lower panel) for 18-year follow-ugiabetes
incidence.

HR  95% CI p

Block 1: Sociodemographic factors

High distress 1.33 1.10-1.61 0.003
Block 2: Health

High distress 1.10 0.90-1.34 0.342
Block 3: Lifestyle

High distress 1.10 0.91-1.34 0.333

Covariates [complete model]
Sociodemographic factors

Age 1.03 1.02-1.04 <0.001
Female sex [ref male] 0.68 0.56-0.83 <0.001
Marital status 1.18 0.95-146 0.126
Lower education [ref medium] 1.21 0.95-1.54 0.115

Higher education [ref medium] 0.82 0.63-1.06 0.121




Annual hh income <15,000 [ref 15,000 - <35,000] 1.00 0.80-1.24 0.985
Annual hh income 35,000 [ref 15,000 - <35,000] 0.67 0.44-1.02 0.064
Health

More energetic [ref same energy] 0.79 0.63-1.00 0.59
Less energetic [ref same energy] 1.54 1.18-2.02 0.002
Health status [ref ‘no’] 281 1.55-5.11 0.001
Health problems One/some [ref ‘none’] 1.43 0.77-2.63 0.255
Lifestyle

Inactive/sedentary [ref moderately active] 1.06 0.82-1.38 0.655
Active [ref moderately active] 0.87 0.69-1.10 0.231
Smoking 1.01 0.82-1.25 0.915

Block 1: adjusted for age, female sex, marital status, educatiel) &d annual household
income.
Block 2: adjusted for block 1 + energy, health status, and health problems.

Block 3: adjusted for block 2 + activity in 1996, and smoking.The proportionalrdez
assumptions of these models were verified using log-minus-logvalmlots, Pearson
correlations of the partial residuals, and the inclusion of interaefifects with process time.
If the proportionality assumption was violated, nonproportional Cox modets used, by
including interaction effects of the corresponding variable with psottese, which corrects
the violation of the proportionality assumption. This correction wag fegehealth status and
health problems. Additional analyses examined models with psychdlatjgteess as a
continuous score, and models with interactions of sex or age with psgadldistress.
Statistical analyses were conducted using SPSS Statgisgon 19.0 (IBM SPSS Inc.,
Chicago, IL, USA).

Results

Descriptives

Among the 9,514 included individuals, there were 472 incident cases of dialoeiieg the
18 year follow-up period. The incidence rate of new diabetes was 410@@rperson-years
for this period of 18 years for the total sample. The incidencenage3.8 per 1000 person-
years for low psychological distress and 4.9 per 1000 person-yedngylfopsychological
distress. In total 42% of the participants reported a high leiveksychological distress at
baseline (4,021/9,514). There was no difference in diabetes prevaleh881 between the
high and low distress group (high psychological distress = 1.8%, loagisgical distress =
1.5%, y* = 1.01,p = 0.313). The high psychological distress group reported to be less
energetic compared to people of their age, have an overall poor haalthasid more health
problems, including more psychiatric problems (Table 1). Moreover, tihedmstyess group
reported an inactive/sedentary lifestyle more often, had a higgbealence of smoking, but
showed no overall difference in average BMI, or BMI categories (Table 1).

Diabetes incidence by psychological distress andvariate adjusted risk

There was a significantly increased incidence of diabetes ihig¢fedistress group (HR =
1.33, 95% CI = 1.10-1.6=0.003), adjusted for age (Figure 1). In Table 2, the hazard ratios



of the covariates, adjusted for psychological distress and agemftel 1-3), and the
covariate adjusted change in logHR for the high distress groupepoeted (column 4-6).

After controlling for sex, marital status, and BMI, the adjudtedHR for the high-distress
group increased, whereas controlling for educational level, racefgthmcome, energy

level, health status, health problems, leisure-time activity, amdkiamlowered the LogHR

for incident diabetes. Thus each of these factors explained sothe whriance ascribed to
the high distress group. The percentage change in LogHR is tpvethe effect of each

covariate on the logHR of high psychological distress (Tables lang),a 1% absolute
change was observed for sociodemographic factors: sex, nsatas, education level and
household income; health factors: energy, health status, and healthmaobted lifestyle

factors: leisure-time activity, smoking, and BMI.

Figure 1 Cumulative hazard of diabetes stratified by general psychological distres

High distress and diabetes incidence

In Table 3 the adjusted model the hazard of the high psychologicatsdisgroup on
incidence diabetes, consecutively adjusted for each block of covagajesen. In the first
step, the effect of high psychological distress was adjustdddosociodemographic factors
(age, sex, marital status, education level, and household income) wdhiobt diffect the risk
(HR = 1.33, 95% CI = 1.10-1.6p=0.003). In the second and third step, three health factors
(energy level, health status, and health problems) and two |defgkor (leisure-time
activity and smoking) were added to the model. The association behigreulistress and
diabetes incidence in the final model became nonsignificant (HR =96 CI = 0.91-1.34,
p =0.332). In the complete model younger age, female sex, havingemergy or impaired
health status were significant predictors of diabetes incid€raale 3). Of the two time-
dependent covariates impaired health status was significargbciaged with a gradual
decreased risk over time (HR = 0.95, 95% CI = 0.90-1p80,034), whereas no significant
change over time for health problems was observed (HR = 1.00, 95% 0X35=1.05,
p=0.901) (data not shown in Table 3).

Additional analyses

The continuouspsychological distress score was entered in the additionalsaalge
adjusted HR showed an increased hazard for diabetes with egictofuincrease in
psychological distress (HR = 1.07, 95% CI = 1.03-1px0.001), which remained significant
after controlling for sociodemographic factors sex, marittlst education level and income
(HR = 1.07, 95% CI = 1.03-1.19<0.001), and became nonsignificant after controlling for
health (energy, impaired health status, and health problems), angldif@eisure-time
activity, and smoking)(HR = 1.02, 95% CI = 0.98-1.680.309).

Since BMI was not introduced until wave 13, we decided not to includedhable in the

main analysis. We performed an additional analysis, introducing thewouas BMI score to

the complete adjusted model (not shown). Age adjusted high psycholdgtalss was
significantly associated with an increased diabetes incideriReX128, 95% CI = 1.04-1.58,

p = 0.022), which was nonsignificant in the complete model (HR = 1.16, 95% CI = 0.93-1.44,
p = 0.190). BMI was significantly associated with an increasedrtiapa diabetes (HR=
1.11, 95% CI = 1.10-1.13<0.001).



In two separate models potential interaction of age or sexpsigbhological distress was
examined. There were no significant interaction effects of aagk distress (HBexdistress
0.99, 95% CI = 0.98-1.0(g = 0.193), and sex and distress HRistress 1.32, 95% CI =
0.90-1.94p = 0.152).

Discussion

In this large prospective cohort study among men and women without knobetesiaat
baseline, a higher level of baseline symptoms of psychologsiaésis, based on the GHQ 12
item version, were directly associated with a 33% increasedchaaadevelop diabetes
during 18 year follow up. This association appeared to be confounded figy éenvel and
health status after complete adjustment.

Earlier studies have examined the association between genedologycal distress
measures and incident diabetes, with varying results [7]. For peanboth in the
Copenhagen City Heart Study and two Japanese studies [8-10], pdytiouda with high
levels of general distress but not distressed women were molg tlikelevelop diabetes
during follow up. In contrast, in the Whitehall 1l cohort, a high baseBr&) score was not
predictive of incident diabetes during a 10 year follow up period [20fhenWhitehall I
cohort study, a similar diabetes incidence rate was repdt8dand 4.3 per 1000 person
years in men and women respectively, compared to 4.3/1000 personinyéaespresent
study. The Whitehall 1l cohort was between 35-55 years astdrgé whereas the BHPS
included everyone > 16 years, with an average of 41 years. Theh@hiteohort used odds
ratios to predict the incidence of diabetes after an average ofy@@rs, whereas time
dependent hazard ratios of 18 years were examined in the presbntEStamining HRs of
18 waves is a more sensitive method of analysis, more likely to detect sneaé rEs.

The association between general psychological distress ad@nhdiabetes in the present
study was confounded by level of energy and impaired health.stéteie was an decreased
hazard for an active lifestyle based on leisure-time actwti¢h diabetes risk, compared to a
moderate leasure-time activities, but no longer in the compthtesstad model. This is in
contrast to other studies which consistently show an associatioredretactivity level,
depression and diabetes [17,21]. In the present study, activity lesebpesationalized by
leisure-time activity instead of a metabolic equivalent of maysactivity and leisure-time
activity was not measured until wave 6, which could have affectesttbngth of association
with the variables measured at baseline. At the same tpeesan’s ‘energy level compared
to age’ and whether or not a person’s health status was impairetle proxy measures of
a person’s health status and ability to be active, therefore vaoigbles were present to
determine health and potential activity at baseline. The qvbdaween health status, energy,
leisure-time activity and psychological distress with diabate consistent with previous
findings. For example, the study of Shirom and colleagues showedidgbat a mood state
comprising emotional energy, was related to a reduced diabske2Qiyears follow-up,
independent of depressive symptoms or anxiety [22]. Leisure-timecphgsitivity has been
found to mediate the association between emotional wellbeing andedigiresence [23].
Rod and colleagues showed that respondents who reported high levelgcloblpgical
distress had less adequate health behaviors, such as being physacsile [8]. Integrating
increased activity into daily practice has been shown to be behdbcimood as well as
improve disease indicators [24]. Still, other factors such asnergl healthier lifestyle,
including a healthier diet with less saturated fat, reducednsake and increased fiber, and
interventions aimed to reduce bodyweight have been effective in pireyeliabetes [25],



and could have played a role in the present study, though were not nvisigated. Since
adjustment for confounders does not provide information on whether a cowvariate
mediator or a moderator in the association between psychologicedsdisand diabetes
incidence, we cannot draw firm conclusions on mediators or moderataitserRwe can
hypothesize that energy level, and health status may act astimgd@actors in explaining the
association between general psychological distress and incideetes, which remains to be
investigated.

The observed association could also be confounded by the general psyclogyatifol
affected participants, as psychological traits have been previtiisid to incident type 2
diabetes [5-7]. In our study self-reported psychiatric morbidity wesstigated, which was
more prevalent in the high psychological distress group, however saaple sizes
prevented inclusion in the main analysis.

Given that psychological distress is associated with an incredsdbetes incidence,
explanatory pathways may be via increased chronic stress. Clstoess can increase the
risk of type 2 diabetes directly, for example by long ternvatibn of psychoneuroendocrine
pathways with the release of catecholamines, such as adrenadineosepinephrine and
glucocorticoids as cortisol. This generally results in an isegaepatic glucose output,
decreased insulin secretion and sensitivity, central accumulatibodyf fat, hypertension,
and an adverse lipid profile [26,27]. Indirect pathways can operategihdiack of adherence
to healthy lifestyle behaviors, such as a low level of physacaivity, unhealthy eating
behaviors (e.g. higher saturated fat and carbohydrate intake), aslddngmThe health
associated factors ‘energy level compared to age’, and ‘intblagalth status’ appeared to be
of influence in the present study.

We suggest that future studies include clinical assessmenthbateisausing an oral glucose
tolerance test in association with measures of psychologiciestis energy, and health
status, and to observe potential biological mechanisms to further explerassociation
between general distress and diabetes incidence. At the saeaterventions specifically
aimed to increase activity level could potentially lead to reddegatessive symptoms and
improve diabetes outcomes are currently being investigated [28,2@Jteds screening for
depression in diabetes appears to be of limited effect in improvadgeteis distress or
HbA(1c) levels [30], improving regimen adherence by a structurédnsaitoring of blood
glucose lead to significantly greater reductions in distresspamd to an active control
group [31]. Clinical implications of the present study could be thatoader range of
psychological distress symptoms needs to be taken into account malgaaetice, not just
depressive symptoms. Primary prevention and anamnesis should alseamakhistory and
biopsychosocial aspects of the patient. Caregivers and treatmesdepso(e.g. general
practitioners and diabetologists) should therefore also take 8 lostory, the person’s
general health status, and perceived level of energy into accatenveintions aimed to
improve lifestyle behavior (e.g. applying a diabetes prevention protocdaleal-world’
settings) were effective in attaining weight loss, whichssoaiated to a reduced diabetes risk
[32]. This type of intervention could easily be expanded by addingnitpods specifically
addressing psychological distress, yet whether addressinghgbsgical distress has
additional value in diabetes prevention programmes needs to be derwith a
randomised controlled trial.

Despite the longitudinal character of the present study and thef d8waves, we cannot
infer conclusions regarding causality from these results, whiahlimitation of the present



study. At the same time, there was no information available oexhet date of diabetes
diagnosis which might be a limitation, but since information about thahgas available in
18 consecutive waves we used the wave of first positive assasshatabetes instead of the
date. The variables related to drop out were also related tdelaheidence, however in the
dropout group the incidence rate of diabetes was lower. Therefasedifficult speculate
about the effect of dropouts on the results. As our study was non-raedotineze might be
residual confounding, despite our attempted to adjust for the most impootefounders in
the multivariate analyses. Moreover, diabetes was measured dns ok self-report in our
study. Though studies have reported a strong association betweaaigobysreport of
diabetes and the patients self-report [15], there is still ademabkle number of patients with
type 2 diabetes who are generally not aware of the factitbpthave type 2 diabetes. This is
because type 2 diabetes has a long asymptomatic pre-clinical piftesewith prodromal
symptoms, which frequently goes undetected. Of people with Type ZeBab®e proportion
who are undiagnosed ranges from 30% to 90% [33]. We did take into accdirepeeied
health problems that might be associated with prodromal complaintprebdems related to
blood pressure, skin conditions, kidney, difficulty seeing, though this medsfurther
specified towards diabetes specific complaints. The presentetlatag be subject to bias, as
as the diabetes prevalence at the onset of the study was lowi(11P%il), compared to the
National diabetes prevalence (2.8% in 1996) [34]. Still, the selectigranicipants took
place based on a random draw of postal code area’s. At theiganéhe diabetes incidence
rate of 4.3/1000 person years was representative of national findidgd®00 person years
in 2005 [34]. Finally, we need to acknowledge that the assessment agblacivity was
merely focused on leisure-time activities, and may not have myesspeople with a high
active lifestyle or who were frequent sporters. As a resaliyises such as (heavy) labor
activities or household work were not covered.

Strengths of our study include not only the population based approach aaltively large
sample size, but also the long follow-up period, the use of Cox-proportianatds model,
which is more adequate and more sensitive in comparison to #dagigression analysis.
The availability of data from wave to wave was optimizedman@ning either the first wave
of diabetes presence or the last wave of absence of diabetesstullye addresses an
innovative question with potential clinical implications.

Conclusion

Results of the present study show that persons with elevated déydgchological distress
are at increased risk to develop type 2 diabetes, potentiallyeaffbg low energy level and
health status. These findings warrant a detection of psychologaaplaints beyond
depression, and further investigation of life-style related inteiehtwhich include a
module on psychological distress.
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