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Abstract

Purpose The aim of this study was to examine how
transition between normal glucose tolerance, prediabetes
and diabetes over a 7 year period is associated with change
in health-related quality of life (HRQL) in an elder German
population-based cohort.

Methods We used data from 1,046 participants of the
KORA S4/F4 cohort study aged 55-74 years at baseline.
Based on an oral glucose tolerance test, prediabetes was
defined as impaired fasting glucose and/or impaired glucose
tolerance. HRQL was assessed with the SF-12 questionnaire.
Using linear regression, we estimated mean change in HRQL
over time, depending on glucose status at baseline and fol-
low-up, adjusted by demographic and lifestyle variables.
Results Individuals progressing to prediabetes or diabetes
experienced a greater loss in the physical component score
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than patients with persistent normal glucose tolerance
(—2.31 and —7.44 vs. —1.08), but the difference was only
significant for subjects converting to diabetes. Subjects
with prediabetes at baseline and diabetes at follow-up had a
significant loss in mental health compared to subjects with
persistent prediabetes.

Conclusions There is first evidence that worsening of
glucose metabolism over time is associated with deterio-
rating HRQL, however, further and larger longitudinal
studies are needed to confirm these findings.
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glucose tolerance - Diabetes - Health status - Longitudinal
studies - Health services research

Introduction

Several studies have shown that individuals with type 2
diabetes (T2DM) report significantly reduced health-rela-
ted quality of life (HRQL) compared to the general popu-
lation [1, 2]. However, very little is known about whether
HRQL is already impaired during the prediabetic phase,
defined as impaired fasting glucose (IFG) and/or impaired
glucose tolerance (IGT).

There are only few cross-sectional studies on HRQL in
prediabetes and these reported inconsistent results, ranging
from no effect to associations for specific health domains
or subgroups only [3-6].

A large Australian study observed that individuals pro-
gressing from normal glucose tolerance (NGT) to IFG or
IGT within 5 years had lower baseline scores in some
domains of the SF-36 [7], however no study has ever
examined longitudinal changes in HRQL with respect to
glucose metabolism status.
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The aim of this study was to examine how changes
between NGT, prediabetes and diabetes over a 7 year
period are associated with change in HRQL in an elder
German general population cohort.

Methods
Study population

Data come from the population-based German KORA
(Cooperative Health Research in the region of Augsburg)
S4/F4 cohort study which was conducted in the city of
Augsburg and its two surrounding counties in Southern
Germany. For the baseline examination (S4) in 1999-2001,
a random sample of individuals aged 25 to 74 years were
selected from population registries (response rate 67 %).
The current study was restricted to subjects aged 55 years
or older at baseline because in S4, oral glucose tolerance
tests (OGTT) were performed in this subgroup only. In the
random population sample, the number of subjects in this
age group was 2,656, of which 1,653 participated. Seven
years later (2006-2008), all participants of the S4 survey
were invited to a follow-up examination (called F4) that
also included an OGTT. At both time points, OGTTs were
not performed in individuals with previously known dia-
betes. A detailed description of study design, data collec-
tion, and response rate can be found elsewhere [8, 9]. Our
study sample included all subjects with clearly defined
glucose metabolism status at both time points, i.e., either
previously known diabetes or complete OGTT data. We
excluded subjects with type 1 diabetes. This led to a final
sample size of 1,046 participants, as shown in Fig. 1.

All study participants gave written informed consent and
the study was approved by the Ethics Committee of the
Bavarian Medical Association.

Glucose metabolism status

Prediabetes was defined as IFG and/or IGT. IFG and IGT
were defined according to the 2003 ADA diagnostic cri-
teria (IFG: fasting glucose 5.6-6.9 mmol/l, IGT: 2-h glu-
cose 7.8—-11.0 mmol/l) [10]. Previously unknown diabetes
was defined as fasting glucose >7.0 mmol/l or 2-h glucose
>11.1 mmol/l. Previously known diabetes was determined
by the self-reported use of antidiabetic agents and by
asking participants if they had ever been told by a physi-
cian that they had diabetes.

HRQL

HRQL was assessed with the SF-12 Health Survey Version
1 through a face-to-face interview at baseline and through a
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Fig. 1 Flow chart of participants

self-administered questionnaire at follow-up. The SF-12
consists of 12 items covering 8 empirically distinct health
domains and provides a physical (PCS) and a mental
(MCS) component score. Both scores are standardized with
a mean of 50 and a standard deviation of 10 points with
higher scores indicating better health.

Statistical analysis

First, in a cross-sectional analysis, we examined whether
there were significant differences in HRQL at baseline
between individuals with NGT, prediabetes, previously
unknown and previously known T2DM. Therefore we
estimated mean PCS and MCS scores, adjusted by age, sex
and body mass index (BMI) in categories, and tested dif-
ferences using a linear regression model.

Second, in a longitudinal analysis, we examined how
change in glucose status was associated with change in
HRQL over time. Therefore, we created a variable that
divides participants into mutually exclusive change cate-
gories, defined by the possible combinations between NGT,
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prediabetes, or diabetes at baseline and follow-up, respec-
tively. To avoid unreliable results caused by small cell
sizes, the longitudinal analysis no longer distinguished
between previously known and previously unknown dia-
betes. Also, we excluded 14 participants who had glucose
levels indicating diabetes in S4 but values indicating pre-
diabetes or NGT in F4. Then, we regressed PCS and MCS
change scores on this categorical change variable, adjusting
by sex and education, as well as by age, BMI and physical
activity at baseline. Education, BMI and physical activity
were included in the model because, apart from age, these
variables were associated with participation in the follow-
up study. From the estimated regression coefficients of this
linear model, we finally derived adjusted mean change
scores together with their 95 % confidence intervals for
each glucose status change category.

In additional analyses, we stratified all analyses by sex
and also included BMI change between baseline and fol-
low-up in the longitudinal analyses.

Results

Baseline characteristics of the sample, stratified by glucose
status at baseline, are shown in Table 1. Missing values in
the SF-12 at baseline reduced the final sample size for the
cross-sectional analysis to 1,037 and in the longitudinal
analyses to 963. Further adjustment for covariates addi-
tionally reduced the sample size of cross-sectional and
longitudinal analysis by 5 and 8, respectively.

At baseline, there were no significant differences in mean
PCS scores (p = 0.21) or mean MCS scores (p = 0.19)
between individuals with NGT (PCS: 45.3, MCS: 52.1),
prediabetes (PCS: 46.0, MCS: 52.9), previously unknown
diabetes (PCS: 45.3, MCS: 52.5) or previously known dia-
betes (PCS: 43.7, MCS: 50.6). Women had on average 2.3
points lower PCS scores (p < 0.0001) and 3.7 points lower
MCS scores (p < 0.0001) than men, but differences in PCS
and MCS score between glucose status groups remained
insignificant if analyses were stratified by sex.

Table 1 Characteristics of participants by glucose metabolism status at baseline

Variable NGT Prediabetes Previously unknown Previously known p value®
(N = 453) (N = 442) diabetes (N = 80) diabetes (N = 71)
Mean age [years, (SD)] 62.7 (5.5) 63.7 (5.3) 63.9 (4.9) 64.3 (5.2) 0.009
Male sex [n (%)] 195 (43.0 %) 258 (58.4 %) 50 (62.5 %) 41 (57.8 %) <0.0001
Education [n (%)] 0.17
Primary 300 (66.4 %) 286 (64.7 %) 61 (76.3 %) 55 (77.5 %)
Secondary 91 (20.1 %) 90 (20.4 %) 10 (12.5 %) 7 (9.9 %)
Tertiary 61 (13.5 %) 66 (14.9 %) 9 (11.3 %) 9 (12.7 %)
Physical activity [n (%)] 0.003
>2 h/week, Regularly 89 (19.7 %) 83 (18.8 %) 11 (13.8 %) 7 (10.0 %)
1 h/week, Regularly 133 (29.4 %) 115 (26.1 %) 15 (18.8 %) 12 (17.1 %)
1 h/week, Irregularly 73 (16.1 %) 75 (17.0 %) 10 (12.5 %) 10 (14.3 %)
No physical activity 157 (34.7 %) 168 (38.1 %) 44 (55.0 %) 41 (58.6 %)
Mean BMI [kg/m2, (SD)] 27.3 (3.9) 29.0 (3.9) 29.9 (4.2) 31.8 (4.9) <0.0001
Mean HbAlc [%, (SD)] 5.5(0.3) 5.7 (0.3) 6.3 (1.2) 7.1 (1.4) <0.0001
History of myocardial infarction [n (%)] 19 (4.2 %) 14 (3.2 %) 4 (5.0 %) 5 (7.0 %) 0.36
Angina [n (%)] 35 (7.8 %) 40 (9.1 %) 10 (12.5 %) 7 (10.0 %) 0.55
History of stroke [n (%)] 9 (2.0 %) 9 (2.0 %) 1 (1.3 %) 3 4.2 %) 0.58
Physician diagnosed hypertension <0.0001
Yes 177 (39.2 %) 241 (54.7 %) 55 (68.8 %) 54 (76.1 %)
No 269 (59.5 %) 196 (44.4 %) 25 (31.3 %) 15 (21.1 %)
NA 6 (1.3 %) 4 (0.9 %) 0 (0.0 %) 2 (2.8 %)
Glucose status at follow-up [n (%)] <0.0001
NGT 307 (67.8 %) 89 (20.1 %) 2 (2.5 %) 0 (0.0 %)
Prediabetes 134 (29.6 %) 265 (60.0 %) 12 (15.0 %) 0 (0.0 %)
Diabetes 12 (2.7 %) 88 (19.9 %) 66 (82.5 %) 71 (100.0 %)

NGT normal glucose tolerance, SD standard deviation, BMI body mass index, HbAIc hemoglobin Alc

4 p values are based on ¢ test for continuous and Chi square test for categorical variables. An exception is myocardial infarction where Fisher’s

exact test was used
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Results for the longitudinal analyses are shown in
Table 2. Individuals with NGT at baseline who progressed
to prediabetes (—2.31) or diabetes (—7.44) experienced a
greater loss in mean PCS scores than patients with per-
sistent NGT (—1.08), but the difference was only signifi-
cant for subjects converting from NGT to diabetes.
Subjects with prediabetes at baseline and diabetes at fol-
low-up (—2.89) had a significant loss in mental health
compared to subjects with persistent prediabetes (+0.55).

Sex-specific analyses showed that results for men were
similar to those from the whole sample. Women with NGT at
baseline and prediabetes at follow-up had a significant loss in
PCS scores compared to women with persistent NGT, how-
ever, all other group comparisons in the female sample were
not significant. The additional inclusion of BMI change as a
covariate did not alter the observed associations.

Discussion

This study examined the association between change in
glucose metabolism and HRQL over time in a population-
based German cohort. We observed a general trend that
progression from NGT to prediabetes or T2DM or pro-
gression from prediabetes to T2DM was associated with a
higher decline of physical and mental health, but results
were only significant for progression to T2DM.

Prediabetes has no specific symptoms, but the potential loss
of physical health may be caused by an already elevated risk
for diabetic complications. Studies have shown modest
increases in risks for cardiovascular disease, microalbumin-
uria and retinopathy and individuals with prediabetes can
already show various forms of diabetic neuropathy [11-14].
Nevertheless, due to the high overlap in the prevalence of
prediabetes and the metabolic syndrome, it is also possible
that the higher risk for complications is mediated through
other components of the metabolic syndrome such as
abdominal obesity, hypertension or dyslipidemia [12]. Also, if
some individuals start taking medications against hyperten-
sion between baseline and follow-up, this might affect the
estimated change in HRQL: Studies have shown that blood
pressure control with well-tolerated medication regimes can
improve HRQL, but that on the other hand, impairments in
health status can occur if antihypertensive drugs have side
effects [15]. However, in a recent longitudinal study in Ger-
man patients with type 2 diabetes, there was no link between
treatment of hypertension and SF-12 scores [16]. For subjects
with newly diagnosed or known diabetes, change in HRQL is
likely to be even more related to comorbidities, especially
cardiovascular disease, than for individuals with prediabetes
[17,18].

With respect to mental health, numerous studies have
observed a negative association between mental health and

T2DM [2, 19]. This may be caused by the effects of the
diabetes diagnosis itself, the psychological stress associated
with diabetes management or by the burden of diabetic
complications [20]. For prediabetes, associations are less
consistent. Adriaanse et al. [21] observed that depressive
symptoms are more common in women with prediabetes.
However, a recent meta-analysis concluded that there are no
differences between patients with NGT, IGT and undiag-
nosed diabetes [22]. Also, the relationship between mental
health and impaired glucose metabolism is likely to be
bidirectional in that depressive symptoms or psychological
distress may also lead to a higher risk of prediabetes [23].
Finally, some studies even found that prediabetes was
inversely associated with incident depressive symptoms,
which might be explained by the effect of specific anti-
depressant medication suspected to decrease inflammatory
markers and increase insulin sensitivity [20, 24]. While we
know of no other longitudinal study on HRQL and glucose
tolerance, another longitudinal population-based German
study has examined the link between glycemic status mea-
sured by glycated hemoglobin (HbAlc) and the SF-12 in
subjects with type 2 diabetes, but found no significant
association for PCS or MCS scores [18].

Our study had several limitations. First, our longitudinal
analyses are restricted to individuals aged 55 to 74 at baseline
because OGT tests in S4 were not administered in all partic-
ipants. This also led to small cell sizes for specific combina-
tions of change in glucose status which may reduce the power
to detect potentially relevant associations. Second, around
20 % of the S4 participants refused to participate in the fol-
low-up study and this may limit the validity of our longitudinal
analyses. Finally, the different administration modes of the
SF-12 at baseline and follow-up could have influenced the
estimation of change. Strengths include the longitudinal
design and that we used the OGTT as the gold standard to
determine glucose metabolism status.

In conclusion, there is first evidence that worsening of
glucose metabolism over time is associated with deterio-
rating HRQL, however, further and larger longitudinal
studies are needed to validate these findings and clarify
potential causal pathways.
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