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Abstract
Purpose The psychosocial determinants of prediabetes are
poorly understood. The aims of our study were (1) to analyse
the association between perceived social support in young
adulthood and fasting glucose levels and prediabetes in mid-
adulthood in a cohort of healthy Finns, (2) to explore whether
body mass index (BMI), inflammation or depression mediate

this relationship, (3) and to examine the association between
social support trajectory groups and fasting glucose.
Method A prospective design was used with an analytic sam-
ple of 1250 participants aged 3–18 years at baseline (1980)
and aged 12–39 years when social support was measured.
Fasting glucose and prediabetes were assessed 32 years after
baseline. Linear and logistic regression was used to examine
the association between social support and the outcome mea-
sures. A bootstrapping technique was used to examine medi-
ation effects.
Results Social support was associated with future glucose
levels in women after adjusting for childhood socioeconomic
status (SES) and youth depression (β = −0.136, p = 0.001) and
also predicted prediabetes in women after adjusting for child-
hood SES (β = 1.31, 95 % CI 1.02 to 1.69, p = 0.031). Both
associations were attenuated after adjusting for BMI in mid-
adulthood. BMI was found to mediate the relationship be-
tween social support and prediabetes in women (β for indirect
effect β = 0.09, SE = 0.03, CI = 0.03 to 0.16).
Conclusion Low perceived social support in young adulthood
is associated with high fasting glucose and prediabetes in mid-
adulthood in women but not men. The association between
social support and prediabetes in women can be partly ex-
plained by BMI.
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Introduction

Type 2 diabetes mellitus is increasing worldwide at an
alarming rate with total diabetes cases estimated to be as high
as 366 million by 2030 [1]. As well as the growing epidemic
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of type 2 diabetes, the rates of people with prediabetes are
increasing [2]. Impaired fasting glucose and impaired glucose
tolerance are prediabetic states which predispose to later type
2 diabetes. They represent states of hyperglycemia but not to
levels which are needed for a diagnosis of T2DM. Research
has found that people with prediabetes are likely to go on to
develop T2DM and are also at risk for cardiovascular compli-
cations [3].

Well-known risk factors for type 2 diabetes include family
history of diabetes, older age, physical inactivity and over-
weight/obesity. In contrast, the psychosocial antecedents of
prediabetes or type 2 diabetes, and in particular the underlying
mechanisms by which they influence health outcomes, are not
well understood. Evidence has accrued that psychosocial fac-
tors such as low socioeconomic status [4], depression [5] and
work-related stress [6] are associatedwith an increased risk for
type 2 diabetes, but prospective studies assessing the predic-
tive role of social support are limited. This is despite the well-
established association between social support and cardiovas-
cular disease [7], which shares a similar aetiology to diabetes.

A small number of prospective studies have shown that
social support is implicated in type 2 diabetes. Social support
is usually separated into its structural components (the social
network) and its functional components (the types of social
support received and the perception/satisfaction with this sup-
port). Most of these prospective studies have examined struc-
tural social support, and the findings have been mixed, in
particular regarding sex [8, 9]. For example, in a population-
based sample from Germany, men who lived alone were at
higher risk for type 2 diabetes compared to men who cohab-
ited; however, this association was not found for women [9].
In contrast, a study of Swedish adults found that higher levels
of social integration (measured by examining the quantitative
characteristics of the extended social network) reduced the
risk for developing type 2 diabetes in women but actually
increased this risk in men [8]. As well as the mixed findings
regarding sex, there is a lack of studies exploring the pathways
underlying the association between social support and type 2
diabetes. This gap in the research extends to the social
support-health literature in general [10].

It has been suggested that low social support could directly
affect type 2 diabetes through its impact on the physiological
stress response and neuroendocrine system, resulting in excess
secretion of glucocorticoids that increase insulin resistance
and visceral obesity [11]. Studies have also shown that struc-
tural aspects of social relationships (such as social isolation)
have been associated with increased stress-related inflamma-
tion and metabolic disturbances [12]. Research has also exam-
ined the association between social support and obesity, a
significant risk factor for type 2 diabetes, with findings dem-
onstrating that different types of social networks can both
benefit and hurt weight loss efforts [13] and that lower levels
of perceived support are associated with central adiposity [14,

15]. Other factors which may be implicated in the association
between social support and type 2 diabetes include depression,
as low social support has also been associated with a higher
risk for depression [16], another risk factor for type 2 diabetes
[5]. In contrast, high social support has been associated with
adaptive coping strategies [17], which may help to prevent or
lower the exposure to stress [18], as well as health behaviours
which may protect against diabetes [19]. For a more compre-
hensive review on the association between stress, coping and
social support, please refer to Thoits [17].

Due to these limitations in the literature, in particular the
lack of studies exploring prospective mechanisms of the social
support-diabetes link and the lack of studies assessing the role
of functional social support, we had three main objectives: (1)
to examine the association between perceived social support
in young adulthood and fasting glucose levels and prediabetes
in mid-adulthood in a cohort of healthy Finns, (2) to examine
possible intermediate mechanisms, including the role of body
mass index (BMI), inflammation and depression and (3) to
examine social support trajectory groups and their association
with fasting glucose.

Methods

The Young Finns Study

The Cardiovascular Risk in Young Finns Study (Young Finns
Study) is an ongoing prospective study of cardiovascular
health in a randomly selected cohort of Finns which began
in 1980. The aim of the Young Finns Study was to assess
the levels of coronary heart disease risk factors and their de-
terminants in children and adolescents. The baseline assess-
ment took place in 1980 with 3596 participants aged 3 to
18 years who were randomly selected from the national reg-
ister of five regional areas in Finland. Follow-up assessments
have been held every 3–5 years, with the latest in 2012.

Study Population

The current study participants are from the Young Finns Study
cohort. The study participants were aged between 3 and
18 years at baseline (in 1980). The analytic sample consists
of participants with data on perceived social support collected
between 1989 and 2001 (when participants were aged 12–
39 years old) and who have data on the outcome measures
collected in the 2012 follow-up (aged between 35 and
49 years). From this sample, we excluded participants with
type 1 diabetes (n = 19) as well as participants with type 2
diabetes or prediabetes before 2001 (when the last social sup-
port measure was assessed) (n = 32). This resulted in an ana-
lytic sample of 1250 participants (Fig. 1).
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Written informed consent was obtained from all the partic-
ipants. Ethics approval was granted from each participating
university, and the study was conducted in accordance with
the Helsinki Declaration.

Outcome Measures

The study measures were collected at clinical examinations
and via survey methods as part of the long-term follow-up
of the Young Finns cohort. Detailed methodology has been
previously published [20].

Fasting Glucose

Serum fasting glucose concentrations were measured in 2012.
Glucose concentrations were determined by the enzymatic
hexokinase method (glucose reagent; Olympus, County
Clare, Ireland).

Prediabetes and Type 2 Diabetes

Prediabetes was defined as fasting glucose 5.6–7.0 mmol/l
[21]. Type 2 diabetes was defined based on fulfilling one of
the following criteria: (1) having a fasting plasma glucose of
≥7 mmol/l (≥125 mg/dl), (2) having an HbA1c ≥6.5 %
(≥48 mmol/l), (3) reporting a doctor’s diagnosis or (4) taking
medication for type 2 diabetes (as recorded from the Social
Insurance Institution of Finland national registry).

Due to the low number of type 2 diabetes cases (n = 26), we
combined type 2 diabetes with prediabetes cases for the

analyses (total n = 285) and refer to this combined group as
the ‘prediabetes’ group in the results.

Social Support in Young Adulthood

Social support was measured by using the Perceived Social
Support Scale-Revised [22] (functional social support). The
mean score from four measurements taken in youth to young
adulthood was combined (1989, 1992, 1997 and 2001) to
retain a maximum number of participants. The correlations
between the four time points ranged from 0.306 to 579
(p < 0.001). The scale consists of 12 items which are rated
on a five-point Likert scale ranging from 1 to 5 (1 = totally
disagree, 5 = totally agree). The items measure perceived so-
cial support from friends, family and significant others (e.g. ‘I
can talk about my problems with my friends’ and ‘There is a
special person who is around when I am in need’). The scale
was negatively skewed and demonstrated lack of linearity
which we corrected by reversing the scale (to correct for a
negative skew) and then applied a square root transformation
(to correct for lack of linearity and non-normality). The scale
has demonstrated adequate validity and reliability [22–24].

To identify clusters of individuals (trajectory groups) who
have followed a similar developmental trajectory for social
support over the 32-year follow-up period, we also used
group-based trajectory modelling (GBTM) [25]. GBTM is
increasingly being applied in clinical research to map the de-
velopmental course of health-related factors and to identify
the number, shape and size of different (latent) trajectory
groups in the data [26].

N=3596 
(3-18 years old) 

Social support in young adulthood 
measured in 1989, 1992, 1997 and 

2001  
(12-39 years old) 

Fasting glucose, prediabetes and 
T2DM measured 
(35-49 years old)

BASELINE (1980)

Participants 
diagnosed with 
prediabetes or 
T2DM before 
2001 excluded 

(n=32) 

Complete data on all outcome 
measures 
N= 1250 

FOLLOW-UP (2012)

Participants 
diagnosed with 
T1DM excluded 

(n=19) 

Fig. 1 Recruitment, follow-up
and outcome data for study
participants. T1DM type 1
diabetes mellitus, T2DM type 2
diabetes mellitus
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Covariates and Potential Mediators

Body Mass Index

BMI has been measured from baseline (1980). In the current
study, we also included measurements of BMI from 2001 as a
covariate (2001 was when the last social support measure was
assessed) and BMI from 2008. BMI in 2008 was included as a
potential mediator as it preceded the 2012 outcome measures.
BMI in 1980 and in 2012 were used in the descriptive statis-
tics only. BMI was calculated with the formula BMI = weight
(kg) / [height (m)]2.

Inflammation

C-reactive protein (CRP) was measured in 2012 by analysing
serum high sensitive (hsCRP) by an automated analyser
(Olympus AU400, Olympus, USA) and a highly sensitive
turbidimetric immunoassay kit (‘CRP-UL’ assay, Wako
Chemicals, Neuss, Germany). Detection limit of the assay
was 0.06 mg/l. Due to a negative skew, CRP was log
transformed.

Youth Depression

Depression was measured by using a modified version of
the Beck Depression Inventory (BDI) in 1992 [27]. The
BDI was modified to more effectively capture instances of
mild depression, by only using the items in the original
scale which represented the second mildest levels of de-
pression. The modified version has been shown to better
capture depressive symptoms in the general population
compared to clinically oriented scales such as BDI-II
[28]. This modified version consists of 21 items (e.g. ‘I
often feel sad’) rated on a five-point scale (1 = totally
disagree, 5 = totally agree). The items are summed to give
a range of 21–105, with a higher score indicating higher
levels of depression. The modified BDI has demonstrated
adequate validity and reliability [29].

Childhood Risk Factors

Childhood cardiovascular risk factors were measured by stan-
dard clinical methods and included BMI (1980), serum insulin
(1980) and glucose levels measured in 1986 (glucose not in-
cluded as a covariate in the current study). Serum insulin con-
centrations were measured in one laboratory by using a mod-
ification of the immunoassay method of Herbert et al. [30].
Due to a negative skew, baseline insulin levels were log
transformed.

Socioeconomic Status in Childhood

Information on parental socioeconomic status (SES) were ob-
tained with questionnaires in 1980. Parental occupation and
family annual income were considered indicators of SES in
childhood. Parental occupation was coded from 1 to 3
(1 = manual, 2 = lower non-manual, 3 = upper non-manual).
Family income was measured as gross annual income and
grouped into eight categories ranging from 1 (corresponding
to <USD 3000) to 8 (corresponding to >USD 22,000). These
criteria correspond to the median income per household in
Finland which was 12,920 USD in 1983 [31].

Statistical Analyses

We used a series of hierarchical linear regression analyses to
examine the association between social support in young
adulthood and fasting glucose in mid-adulthood. Model 1 ad-
justed for age, BMI in young adulthood and childhood SES.
Model 2 adjusted for the previous covariates + youth depres-
sion. Model 3 adjusted for the previous covariates + BMI in
mid-adulthood.

We also tested the association between social support in
young adulthood and prediabetes (present vs. not present) in
mid-adulthood by using logistic regression analyses, sequen-
tially adjusting for the same covariates as above (models 1–3).
Odds ratios (ORs) and 95 % confidence intervals (CIs) were
calculated to examine how the odds for prediabetes being
present were associated with the social support scores. The
social support and depression measures were standardized
(mean = 0, SD = 1) to simplify the interpretation of the ORs.
We also repeated the linear and logistic regression analyses
and adjusted for baseline insulin in all the models (as a surro-
gate for baseline glucose).

To test for possible mediators, we employed a
bootstrapping technique [32] which allowed us to test the
indirect effect of social support on prediabetes and the extent
to which this association was mediated by other variables.
Unstandardized indirect effects were computed for each of
5000 bootstrapped samples, and bias corrected 95 % CIs were
computed.

Lastly, we used group-based trajectory modelling (GBTM)
[25] in order to identify clusters of individuals who have
followed a similar developmental trajectory across the 32-
year follow-up. We used the Bayesian information criteria
(BIC) to evaluate model fit. In the GBTM, the BIC is always
negative and the maximum (the least negative value) indicates
the best model.We then repeated the linear regression analysis
by using the social support trajectory groups (as a categorical
predictor) to predict fasting glucose in mid-adulthood, by
using the same three models as described above.

Analyses were initially conducted including a sex interac-
tion term (sex × social support) and as there were significant
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sex differences (e.g. p = 0.011 for fasting glucose); the results
are stratified by sex. All analyses were conducted on SPSS
[22] except for the GBTM that was performed by using
STATA [13].

Results

Descriptive Statistics

The descriptive statistics are portrayed in Table 1. The
mean age of females at baseline (1980) was 10.9 years,
and the mean age of males was 10.3 years, with an age
range between 3 and 18 years. When outcome measures
were assessed in 2012 (32 years after baseline and

11 years after the last social support assessment), 2.5 %
of women and 1.5 % of men had type 2 diabetes, and
15.8 % of women and 32.4 % of men had type 2 diabetes
or prediabetes. Mean BMI for women in 2012 was 26.2
(SD 5.5) and 26.7 (SD 4.3) for men (BMI >25 is classi-
fied as overweight).

When examining correlations between key variables, we
found that for women, social support in young adulthood
was correlated with BMI in 2008 but not BMI in 2001
(r = −0.121 vs. r = −0.074). Social support was also correlated
with fasting glucose in 2012 (r = −0.166) and youth depres-
sion (r = −0.455) in women. Social support in men was only
correlated with youth depression (r = −0.373). Social support
was not associated with future CRP in either sex (r = −0.047
for women and r = 0.018 for men).

Table 1 Descriptive statistics of study sample stratified by sex (n = 1250)

Females Males

n n (%) Mean (SD) Range n n (%) Mean (SD) Range

Baseline variables (1980)

Age (years) 722 10.9 (5.0) 3–18 528 10.3 (5.1) 3–18

Parental income (gross annual income) 722 528

Level 1 (lowest income bracket) 38 (5.3 %) 18 (3.4 %)

Level 2 59 (8.2 %) 35 (6.6 %)

Level 3 85 (11.8 %) 65 (12.3 %)

Level 4 105 (14.5 %) 79 (15.0 %)

Level 5 113 (15.7 %) 84 (15.9 %)

Level 6 154 (21.3 %) 125 (23.7 %)

Level 7 108 (15.0 %) 75 (14.2 %)

Level 8 (highest income bracket) 60 (8.3 %) 47 (8.9 %)

Parental occupational status 722 528

Manual 170 (23.5 %) 149 (28.2 %)

Lower non-manual 445 (61.6 %) 309 (58.5 %)

Upper non-manual 107 (14.8 %) 70 (13.3 %)

BMI (kg/m2) 720 17.9 (3.0) 523 17.8 (2.9)

Insulin (transformed)a 722 0.99 (0.3) 528 0.90 (0.3)

Youth/young adulthood variables

Depression (1992) 722 46.3 (12.6) 21–105 528 41.9 (11.2) 21–105

Social support (transformed)a

BMI (kg/m2) (2001)
722
722

5.0 (1.0)
24.4 (4.6)

528
528

4.2 (1.0)
25.6 (3.8)

Mid-adulthood variables

BMI (kg/m2) (2008)
BMI (kg/m2) (2012)

722
722

25.4 (5.0)
26.2 (5.5)

528
528

26.4 (4.0)
26.7 (4.3)

CRP (transformed) (2012)a 722 -0.2 (1.3) 528 -0.3 (1.1)

Fasting glucose (mmol/l) (2012) 722 5.2 (0.8) 528 5.5 (0.7)

Type 2 diabetes (2012) 722 18 (2.5 %) 528 8 (1.5 %)

Prediabetes or type 2 diabetes (2012) 722 114 (15.8 %) 528 171 (32.4 %)

Social support was the average of four measurements taken in youth and young adulthood (1989, 1992, 1997 and 2001)

BMI body mass index, CRP C-reactive protein
a Insulin and C-reactive protein were transformed by using log transformations, and social support was transformed by using a square root transformation
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Social Support, Fasting Glucose and Prediabetes

Social support was a statistically significant predictor of
fasting glucose for women in the first two models which ad-
justed for SES and youth depression (β = −0.144, p < 0.001;
β = −0.136, p = 0.001) but not in the fully adjusted model
which also adjusted for BMI in 2008 (p = 0.400; Table 2). In
contrast, social support was not a significant predictor of
fasting glucose for men in any of the models (see Table 2).

Logistic regression results are presented in Table 3. Lower
social support in young adulthood was associated with higher
odds of prediabetes in mid-adulthood in women, but not men.
This association in women remained robust after adjusting for
SES in model 1 (β = 1.31, 95 % CI 1.02 to 1.69, p = 0.032),
but not after additional adjustment for depression (p = 0.234)
or in the fully adjusted model which also adjusted for BMI in
2008 (p = 0.560). For men, the only significant predictor in the
fully adjusted model was parental income (p = 0.035).

We repeated the regression analyses and adjusted for base-
line insulin in all the models as a surrogate for baseline glu-
cose. The findings did not change (results not tabulated). We
also tested the collinearity diagnostics of the models which
included BMI in 2001 and 2008, due to the high correlation
between these two variables (r = 0.88). All the variance infla-
tion factors (VIFs) were well below 10, and the tolerance
statistics were all above 0.2, indicating that there was no col-
linearity within the data (VIF < 2; tolerance >0.60).

Mediation Analyses

In Table 4, we present data from the multiple mediation mod-
el, where we examined whether BMI in 2008 or youth

depression were mediating the relationship between social
support and prediabetes. We tested the significance of the
indirect effect by using bootstrapping procedures.

We found evidence that as a set, BMI and youth depression
were mediating the relationship between social support and
prediabetes (β for total indirect effect β = 0.20, SE = 0.07).
Examining the specific indirect effects showed that only BMI
was mediating the relationship, as the 95 % CI did not contain
zero (β for specific indirect effect β = 0.09, SE = 0.03, 95 %
CI = 0.03 to 0.16). In contrast, there was little evidence that
youth depression was a mediator (β for specific indirect effect
β = 0.11, SE = 0.06, 95 % CI = −0.01 to 0.23).

Social Support Trajectory Groups

Lastly, we repeated the linear regression analysis to examine
the association between the social support trajectory groups
and fasting glucose in 2012 by using the same three models as
previously (see Table 5). As shown in Fig. 2, the social sup-
port trajectories from baseline to 2012 based on GBTM
reflected patterns of low, moderate and high levels of social
support over time. Based on their individual patterns, they
were defined under the following four categories: low and
decreasing social support (group 1), low but increasing social
support (group 2), moderate to high social support (group 3)
and consistently high social support (group 4).

As expected, we found no significant association for men
(results not tabulated). For women, we found that compared
with the group with low and decreasing social support over
time (group 1, reference group), all the other groups were
negatively associated with fasting glucose in mid-adulthood,
even after adjusting for age, SES, BMI in 2001 and depressive

Table 2 Age-adjusted beta coefficients of social support in young adulthood as a predictor of glucose levels in mid-adulthood for women and men,
sequentially adjusting for SES, depression and BMI (2008)

Women Men

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Predictors βa (p value) β (p value) β (p value) βa (p value) β (p value) β (p value)

Perceived social support −0.144 (p < 0.001) −0.136 (p = 0.001) −0.036 (p = 0.400) −0.021 (p = 0.642) −0.050 (p = 0.301) −0.059 (p = 0.241)

Parental income −0.048 (p = 0.253) −0.049 (p = 0.244) −0.047 (p = 0.294) −0.012 (p = 0.817) −0.013 (p = 0.801) −0.003 (p = 0.958)

Parental occupation

Manual 0.008 (p = 0.897) 0.009 (p = 0.874) −0.005 (p = 0.930) −0.076 (p = 0.296) −0.076 (p = 0.295) −0.083 (p = 0.266)

Lower non-manual 0.053 (p = 0.317) 0.054 (p = 0.309) 0.016 (p = 0.773) 0.036 (p = 0.585) 0.035 (p = 0.601) 0.029 (p = 0.667)

Upper non-manual Reference Reference Reference Reference Reference Reference

BMI in 2001 0.290 (p < 0.001) 0.288 (p < 0.001) −0.057 (p = 0.480) 0.183 (p < 0.001) 0.195 (p < 0.001) −0.040 (p = 0.696)

Youth depression 0.018 (p = 0.649) 0.061 (p = 0.153) −0.079 (p = 0.107) −0.094 (p = 0.067)

BMI in 2008 0.357 (p < 0.001) 0.273 (p = 0.008)

The bold values are significant at p < 0.05. All variables in each model are entered simultaneously
a Standardized beta coefficients
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symptoms (models 1 and 2, p < 0.01). After adjusting for BMI
in 2008 (model 3), this association was no longer significant.

Discussion

Recently, evidence has started to accrue that many psychoso-
cial factors which are associated with cardiovascular disease,
such as social support, are also implicated in type 2 diabetes.
Our results support these findings and suggest that low social
support is associated with higher fasting glucose in both sexes
(although less pronounced in men) and increases the risk of
prediabetes (and possibly type 2 diabetes) in women.
Furthermore, our findings indicate that for women, this asso-
ciation is mediated through BMI.

Our results did not find any support for a pathway involv-
ing stress-related inflammation, as CRP (an inflammatory
marker associated with chronic stress and diabetes) was not
associated with social support for either sex. Furthermore, we
did not find any evidence that depression, which is closely
associated with stress-related inflammation, was mediating
the relationship between social support and prediabetes in
women.

The mediating role of BMI was as anticipated, given that
BMI is considered the most important risk factor for type 2
diabetes in women [33]. Previous studies have found an asso-
ciation between social support and certain health behaviours
(in particular diet and exercise), factors which protect against
obesity and prediabetes. For example, high levels of social
support have been associated with health-promoting behav-
iours like eating a healthy diet [19], as well as maintaining
physical activity [34]. In future research, we hope to examine
the role of health behaviours, in order to further tease apart the
relationship between social support, health behaviours/BMI
and the impact on prediabetes.

There are several possible explanations for why perceived
social support predicted prediabetes in women but not in men.
It is possible that the sex differences were due to the aspects of
social relations we measured (functional rather than structur-
al). Research has generally found that men and women not
only have different types of social networks (e.g. women tend
to have more confidants, while men have wider, less close-
knit networks) but they also value different types of social
support [35]. As well as valuing different sources of social
support, the quality of the relationship and marital functioning
seems to play a stronger role for women’s health outcomes in
comparison to men [36]. Due to these sex differences, and

Table 3 Age-adjusted odds ratios and 95 % CIs for low social support in young adulthood predicting prediabetes in mid-adulthood in women and
men, sequentially adjusting for SES, depression and BMI (2008)

Women Men

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Predictors OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

Low social support 1.31 1.02 to 1.69 1.18 0.90 to 1.56 1.10 0.81 to 1.49 0.97 0.77 to 1.21 1.03 0.80 to 1.31 1.09 0.84 to 1.41

Parental income 1.08 0.94 to 1.22 1.07 0.94 to 1.22 1.05 0.91 to 1.22 0.90 0.80 to 1.02 0.90 0.80 to 1.02 0.87 0.76 to 0.99

Parental occupation

Manual 0.77 0.32 to 1.83 0.81 0.34 to 1.94 1.08 0.42 to 2.80 0.76 0.37 to 1.56 0.75 0.37 to 1.56 0.70 0.32 to 1.50

Lower non-manual 1.03 0.54 to 1.95 1.06 0.55 to 2.02 0.98 0.49 to 1.99 0.87 0.49 to 1.55 0.87 0.49 to 1.54 0.94 0.52 to 1.71

Upper non-manual Reference Reference Reference Reference Reference Reference

BMI in 2001 1.15 1.10 to 1.20 1.15 1.10 to 1.20 0.89 0.80 to 0.99 1.08 1.02 to 1.13 1.08 1.03 to 1.14 0.96 0.85 to 1.09

Youth depression 1.24 0.98 to 1.58 1.32 1.01 to 1.72 0.86 0.67 to 1.10 0.84 0.65 to 1.09

BMI in 2008 1.31 1.18 to 1.45 1.12 0.99 to 1.26

The bold values are significant at p < 0.05. All variables in each model are entered simultaneously. ORs associated with a one standard deviation increase
in social support. Prediabetes and type 2 diabetes cases were combined

Table 4 Mediation of the effect of social support on prediabetes
through BMI and depression, adjusting for age

Possible mediators Bootstrap results for indirect effects (95 % CI)

Coefficienta SE Lower CI Upper CI

BMI (2008) 0.0892 0.0346 0.0281 0.1648

Youth depression (1992) 0.1145 0.0595 −0.0051 0.2258

Total 0.2037 0.0671 0.0693 0.3326

Contrast −0.0252 0.0705 −0.1627 0.1163

Sample includes females only (n = 643). The number of bootstrap
resamples is 5000. The bold values indicate that the CI does not include
zero, thus meeting criteria for mediation [32]
aMean of the indirect effect estimates calculated across bootstrap samples
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because we measured functional social support rather than
structural, we perhaps only tapped into the aspects of social
relations that are beneficial for women.

Previous evidence has also suggested that the social
determinants of cardiometabolic disorders may differ by
sex and that the effect of psychosocial factors on type 2
diabetes might be stronger in women [37]. It is thus pos-
sible that social support has a different health impact on
women compared to men and that low social support may
be more detrimental to women’s health. Studies have
found that women may be more vulnerable to the effects
of psychosocial stress than men, with more pronounced
neuroendocrine responses to chronic stress [38], which
may be true for low social support as well. For example,
low social support may lead to a stronger stress response
or to a more maladaptive coping strategy (e.g. eating un-
healthily), thereby leading to stress-related inflammation
or weight gain. There is also the possible interaction be-
tween age of menarche/menopause, hormones (including
cortisol, oxytocin as well as sex-specific hormones) and
social support which we were not able to take fully into
account. For example, biobehavioural differences in stress
responses in men and women may also be implicated in
the association between low social support and adverse
health outcomes [39]. These are all avenues which war-
rant further study, to clarify sex-specific effects of social
support and its impact on health outcomes.

Previous studies have found that childhood SES is as-
sociated with cardiometabolic conditions including type 2
diabetes [40]. Furthermore, children from lower SES
backgrounds have lower levels of social support [41]. In
our study, the association between social support and both
fasting glucose and prediabetes in women remained after
adjusting for childhood SES, suggesting that the findings
are independent of SES. In contrast, in the fully adjusted
model for men, the only significant predictor of prediabe-
tes was parental income. We intend to verify these find-
ings by adding cumulative measures of SES across the life
span, to determine whether the association between social

support and prediabetes remains after adjusting for SES in
adulthood and whether this differs by sex.

When we examined the association between the social sup-
port trajectory groups and fasting glucose in 2012, we found
that compared to group 1 (low and decreasing social support
over time), the other groups were negatively associated with
fasting glucose in mid-adulthood. Once BMI (in 2008) was
adjusted for, the social support trajectories were no longer
associated with fasting glucose, once again supporting the
prominent role that BMI seems to play in this relationship.
In future research, we intend to further explore the temporal
relationship between the social support trajectories and fasting
glucose by using growth curve models, in order to further
examine how social support impacts on glucose levels over
time.

Future research should also examine the contribution of
both structural and function social support and its association
with future risk of type 2 diabetes. Importantly, although both
structural and functional social support has been associated

Table 5 Age-adjusted beta coefficients of the four social support trajectory groups and glucose levels in mid-adulthood in women (n = 677),
sequentially adjusting for SES, depression and BMI (2008)

Model 1 Model 2 Model 3

Predictors βa (p value) β (p value) β (p value)

Low and decreasing social support (group 1)
Low but increasing social support (group 2)

Reference
−0.326 (p < 0.001)

Reference
−0.320 (p = 0.001)

Reference
−0.011 (p = 0.912)

Moderate to high social support (group 3) −0.456 (p < 0.001) −0.432 (p < 0.001) 0.012 (p = 0.927)

Consistently high social support (group 4) −0.425 (p < 0.001) −0.392 (p < 0.001) 0.001 (p = 0.995)

The bold values are significant at p < 0.05. All variables in each model are entered simultaneously. Model 1 adjusted for age, SES and BMI in 2001;
model 2 adjusted for the previous variables and depressive symptoms; model 3 adjusted for the previous variables and BMI in 2008
a Standardized beta coefficients
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Fig. 2 Social support trajectories across the study phases. Shown are the
results from the group-based trajectory modelling which found a four-
trajectory solution, reflecting patterns of low, moderate and high levels of
social support over time. The four social support trajectories are depicted
with 95 % CIs (grey dotted lines)
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with improved health outcomes, the underlying pathways
through which they influence health outcomes may not nec-
essarily represent independent pathways [42, 43]. This re-
mains a question for future research, including exploring the
possible differences between functional and structural social
support and their influence on health outcomes.

Strengths of our study include a prospective, population-
based design which attempted to not only clarify the link
between social support and prediabetes but also to explore
the temporal relationships underlying this relationship by
using a prospective study design and taking into account a
large set of potential confounders, starting from childhood.
The mechanisms between social factors and disease outcomes
such as type 2 diabetes are still unclear [44], and the current
study is an attempt to establish the mechanisms leading from
low social support to prediabetes. To our knowledge, this is
the first study to use mediation analysis to examine the path-
ways between social support and prediabetes.

The following limitations should be noted. Similar to
most longitudinal studies, there has been loss of partici-
pants across the follow-ups. However, we have previously
demonstrated that the current cohort is representative of the
original sample [45]. Another limitation was that our sam-
ple was drawn from a homogeneous population with re-
spect to ethnicity and SES; therefore, the results may not
generalize cross-culturally. Another limitation was that we
did not assess health behaviours and their role in the rela-
tionship between social support, BMI and prediabetes.
Also, rather than assessing social support over four-time
points from youth to young adulthood, we averaged the
data to form a single measure of social support in young
adulthood. However, evidence suggests that perceived so-
cial support tends to remain relatively stable over time
[46]. Moreover, when we repeated the analyses by using
the social support trajectories as a predictor of fasting glu-
cose, we found similar results. We also did not examine
whether depression and social support have a bidirectional
relationship, whereby depression is driving low social sup-
port and not vice versa. Lastly, in our mediation models,
we only controlled for age, so it is possible there were
other confounders that should have been included in the
models.

In summary, our results suggest that low perceived social
support in young adulthood increases the risk for high fasting
glucose and prediabetes in mid-adulthood in women. The as-
sociation between social support and prediabetes in women
was partially mediated by BMI, supporting the prominent role
that BMI plays in the development of prediabetes. Recently,
there have been calls to examine the mechanisms between
social factors and health outcomes [44]. Our findings contrib-
ute to this literature by highlighting the importance of BMI as
a mediational pathway between social support and
prediabetes.
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