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Abstract

Background: The current work examined experiences of Health-Related Quality of Life (HRQOL) among older
adults with a diagnosis of Diabetes Mellitus (DM) over time compared to those without a diagnoses DM.

Methods: The sample was drawn from six biennial waves of the New Zealand Health, Work and Retirement survey,
a prospective population-based cohort study of older adults 55–70 years at baseline. Data on sociodemographic
factors, health behaviours, chronic disease diagnoses and physical and mental HRQOL (SF-12v2) were obtained
using six biennial surveys administered 2006–2016. Generalised Estimating Equation models, adjusted for time-
constant and -varying factors, were employed to compare HRQOL and its determinants over time for older adults
with and without a diagnosis of DM.

Results: DM was negatively associated with physical HRQOL [β (95% CI) − 7.43 (− 8.41, − 6.44)] with older adults
affected by DM reporting scores 7.4 points lower than those without DM. Similarly, the mean Mental HRQOL score
was lower among those affected by DM [β = − 4.97 (− 5.93, − 4.01)] however, scores increased over time for both
groups (p < 0.001). Greater age, more chronic conditions, sight and sleep problems, obesity, lower annual income,
and fewer years of education were predictors of poorer HRQOL among older adults.

Conclusions: Older adults affected by diabetes experienced poorer physical and mental HRQOL compared to those
not affected when controlling for a range of sociodemographic and health related indices. A management aim
must be to minimise the gap between two groups, particularly as people age.

Keywords: Older adults, Diabetes mellitus, Quality of life, Longitudinal study, Community-dwelling

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: aminisani_n@hotmail.com
1Healthy Ageing Research Centre, Neyshabur University of Medical Sciences,
Neyshabur, Iran
2Epidemiology and Biostatistics Department, Neyshabur University of Medical
Sciences, Neyshabur, Iran
Full list of author information is available at the end of the article

Shamshirgaran et al. BMC Endocrine Disorders           (2020) 20:32 
https://doi.org/10.1186/s12902-020-0519-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-020-0519-4&domain=pdf
http://orcid.org/0000-0001-9947-2064
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:aminisani_n@hotmail.com


Background
Diabetes Mellitus (DM) is a significant health concern
worldwide that is increasing in many regions [1]. Ac-
cording to the International Federation of Diabetes,
there were 415 million adults with diabetes around the
globe in 2015, and this figure increased in the following
years [2]. Similarly, in New Zealand, the prevalence of
DM has been steadily growing over the last 30 years [3,
4] with Māori and Pacific populaitions both dispropor-
tionally affected [5] and experaince higher diabetes-
related mortality in later life [4]. Indeed, Type 2 diabetes
is an important consideration for older adults, who are
at increased risk in terms of onset and disease manage-
ment due to age-related changes in metabolism and who
represent a considerable number of patients [6]. Indeed,
disease-related complications, poorly controlled cardio-
vascular risk, impaired cognitive function, loss of mobil-
ity, increased dependency and service use are more
common in older adults with diabetes [6].
Quality of Life (QOL), defined as “individual’s percep-

tion of their position in life in the context of the culture
and value systems in which they live and in relation to
their goals, expectations, standards, and concerns” [7], is
an important consideration in chronic disease manage-
ment [8]. Health-Related Quality of Life (HRQOL) refers
more specifically to these perceptions as they pertain to
subjective impacts of physical, mental and social health
states [9] and it is well recognised that the severe short
and long-term complications arising from DM [10, 11]
can have a negative impact on HRQOL [12]. Previous
studies have demonstrated that older adults with dia-
betes report poorer physical HRQOL than the general
population [13]. However, while cross-sectional studies
showed the levels and determinants of HRQOL among
those with a diagnosis of DM [14–18], such designs are
unable to investigate these declines in HRQOL among
adults affected by DM in older age or to clarify whether
predictors may influence any such reduction.
Despite this, relatively few studies have investigated

the longitudinal changes in HRQOL among people with
DM. A population-based study of adults aged 18 and
over in the USA followed groups with and without a
baseline diagnosis of Type 2 diabetes between 2004 and
2009 [19]. Among these groups, analyses of change in
EQ-5D scores over the 5 years showed that HRQOL
among those with a diagnosis of DM declined at around
twice the rate observed for those without DM. While re-
spondents in this population sample included a broad
age range, it is unclear whether this rate of change and
determinants identified for those with and without a
DM diagnosis reflect the experiences of older adults, for
whom co-morbidities and other age-related changes in
activity and metabolism may enhance the impacts of
DM.

Two other studies of the impact of DM on HRQOL
were not population-based and did not include people
without DM as a comparison group [17, 20], making it
difficult to separate the impacts of age from effects of
DM. Bayliss et al. compared the effect of diabetes on
HRQOL with other chronic diseases measured over four
years [20]. Compared to other conditions, adults with
comorbid diabetes displayed the most significant de-
clines in physical HRQOL over time, suggesting that the
physical impacts of diabetes are progressive even over a
moderate follow-up period Results of a longitudinal
study conducted in Germany using data from general
practices between 2000 and 2007, showed a decline in
HRQOL scores among people with DM which was more
significant in the presence of diabetes-related complica-
tion and comorbidities. A higher number of diabetes re-
lated complications and a reported history of depression
and lower HRQOL at baseline were predictors of de-
creased Mental Component Score (MCS), while compli-
cations, Body Mass Index (BMI), smoking and HRQOL
at baseline significantly predicted Physical Component
Score (PCS) over five years of follow-up [17]. The most
recent longitudinal study (mean observation period of
8.7 years) using pooled data from 5367 people aged 45–
74 in Germany found an annual decline in HRQOL
scores in the DM group compared with people without
DM [21].
To understand changes in HRQOL and the actual bur-

den of diabetes among older age groups, longitudinal as-
sessment with longer follow-up is valuable. The
longitudinal data will enable researchers to examine
changes in psychological and behavioural antecedents of
diabetes specifically among Maori and pacific people.
The objective of the current study was to assess the
changes in HRQOL over ten years among people with
diabetes, using data from the New Zealand Health Work
and Retirement Study (HWR). We aimed to compare
the QOL scores over time between groups with preva-
lent DM compared with people without DM based on
data from 6 waves of a nationwide longitudinal study on
ageing in New Zealand.

Methods
Study population
The sample was drawn from the 2006–2016 waves of
the New Zealand HWR study, a prospective cohort
study of community-dwelling older adults. The HWR
commenced in 2006 as a biennial postal survey of a sam-
ple aged 55–70, randomly selected from the New Zea-
land electoral roll. An over-sample of adults of Māori
decent was undertaken to ensure adequate representa-
tion of this section of the older population. The core
questionnaire assesses domains of health and wellbeing;
family and social support; work and retirement; financial
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wellbeing; and cultural identity. Cases included in the
current analyses participated in the baseline survey and
at least one subsequent follow up period and provided
information on health-related quality of life at two or
more time points. The original survey had a response
rate of 53% (n = 6662), and of these, 2632 consented to
participate in subsequent follow up. Compared to those
who dropped out, those who completed at least one
wave of follow up were older (60.8 ± 4.5 vs. 61.1 ± 4.6,
p = 0.033), non-Māori (50.6% vs. 58.2%, p < 0.001), and
more male (45.1% vs. 46.6%, p = 0.211). Of those willing
to participate in longtidunal follow up, 1609 (41%) were
lost to follow up over the five biennial follow up waves
(212 to death, and remaining unknown). For the current
analysis, participants with a diagnosis of diabetes at base-
line who responded to at least one subsequent survey
were selected, A comparison group of those without dia-
betes at the baseline who remained free from DM in all
follow- up surveys (2008–2016) were selected. We ex-
cluded incident cases of diabetes (n = 192). Figure 1 pre-
sents a flow chart illustrating inclusion criteria and
attrition 2006–2016.

Measures
Sociodemographic variables
Demographic variables were as follows: age as two cat-
egories of 55–64 years and 65 and over and as a continu-
ous variable, marital status in three groups of married/
living with a partner, divorced/ separated/single, and
widowed, ethnicity as Māori (indigenous New Zealan-
ders) and non-Māori (Europeans, Asians, Pacific people
and others) according to the priority ethnic groups in
NZ. Education was categorised as no secondary, second-
ary, post-secondary and tertiary. Annual personal in-
come was categorised as 0–25,000, 25,001–50,000, 50,
001–70,000 and > 70,000 NZ$.

Clinical variables
A list of self-reported doctor-diagnosed physical and
mental conditions for the current analysis includes car-
diovascular diseases (Heart conditions, stroke), neuro-
logic diseases (epilepsy, Alzheimer/dementia, Parkinson,
migraine headache), musculoskeletal (arthritis, osteopor-
osis, hip/knee replacement), asthma and Chronic Ob-
structive Pulmonary Diseases (COPD)), chronic liver
diseases (cirrhosis), depression and other mental illness,
and cancer. The sum of chronic conditions was calcu-
lated and categorised as none, one, two and more condi-
tions. Hypertension, hearing and eye problems or sleep
disorder, were considered separately as dichotomous
variables. Height and weight were measured in the 2008
survey wave and was used to calculated BMI as healthy
weight (< 25), overweight (25–29.9), and obese (≥30).

Health behaviours
Current smokers were those who identified themselves
as a regular smoker. Alcohol consumption was classified
into two categories: regular alcohol consumption (2 or
more drinks per week), and non-regular alcohol drinkers
(≤1 drink per week). Physical activity (moderate/brisk
walking or vigorous activity) over the last seven days
were categorised into two levels: two or more times per
week (sufficient), once per week/none (insufficient).

Health related quality of life
Physical HRQOL was assessed using the SF12v2 [22].
Ten items of the SF12v2 are rated and a scale of 1–5
and two items on a scale of 1–3. Standardised norm
based orthogonal factor weights are used to calculate a
PCS [positive weights for physical functioning (2 items),
role physical (2 items), pain and general health] and a
MCS [positive weights for vitality, social functioning, re-
lationships (2 items) and mental health (2 items)] with
reference a New Zealand population mean of 50 and
standard deviaiton of 10 [23].

Statistical analysis
Data were extensively screened. Missing data for chronic
conditions such as hypertension, stroke, and so on in
some waves were replaced with available data from the
preceding or the subsequent waves over the study
period. All possible comparisons of the age/year at diag-
nosis in each wave were checked to ensure that the most
reliable list was utilised.
Descriptive analyses were usd to describe the charac-

teristics of the sample. The absolute changes in PCS and
MCS were calculated by subtracting the follow-up score
from the baseline score, which was the first SF12 com-
pleted for each person. For those with multiple scores,
the average over time was considered.
A Generalised Estimating Equation (GEE) model was

performed to examine the association between demo-
graphic, clinical and health behaviours variables with
and HRQOL over time to account for longitudinal
within-subject correlations. Variables were introduced as
fixed (sex, ethnicity, education, personal income, BMI)
or time-varying (other variables) into the models based
on availability and completeness of the data in each
wave. Two models were fitted separately for the physical
and mental dimensions of the SF12; the comparison
group for each model was people without diabetes. As a
sensitivity analysis, the difference between SF12 scores
for DM and non-DM participants was also estimated for
its baseline values in both crude and adjusted models.
Data were analysed using the STATA statistical package
version 14; all estimates were reported with 95% confi-
dence interval and a significance level of 0.05.
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Results
Table 1 describes the range of epidemiological and clinical
variables and PCS and MCS. Relative to non-DM, DM
participants were older (61.6 ± 4.4 vs 60.9 ± 4.5 respect-
ively, p = 0.016), less educated, less well off (p < 0.001), and
more likely to identify as Māori, (p = 0.002). Rates of
current smoking, overweight/obesity, irregular alcohol
consumption, insufficient physical activity (less than two
times moderate/vigorous activity per week), were higher

among DM participants compared to non-DM partici-
pants (p < 0.001). A number of medical conditions, hyper-
tension, sight, hearing and sleep problems were higher
among DM participants relative to non-DM participants
(p < 0.001). In general, the mean scores of both physical
and mental dimensions of SF12 were significantly lower
among DM participants. Within each level of sociodemo-
graphic, lifestyle and clinical factors, DM participants had
poorer performance on HRQOL (Table 1).

Fig. 1 Flow Diagram of Study Participants
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Table 1 Baseline health related quality of life, clinical and epidemiological characteristics of people with/without diabetes

Characteristics Diabetes SF-12-PCS
Mean ± SD

SF-12-MCS
Mean ± SD

with diabetes without diabetes with diabetes without diabetes with diabetes without diabetes

Age Groups

55–64 240 (71.4) 1490 (74.4) 41.3 ± 10.8 49.3 ± 8.7 44.8 ± 12.4 49.8 ± 10.1

64+ 96 (28.6) 512 (25.6) 38.9 ± 11.5 45.7 ± 10.1 45.0 ± 12.3 51.3 ± 9.7

Sex

Male 169 (50.3) 923 (46.1) 42.0 ± 10.9 48.9 ± 8.7 45.4 ± 12.1 50.6 ± 9.6

Female 167 (49.7) 1079 (53.9) 39.3 ± 11.0 47.9 ± 9.6 44.3 ± 12.7 49.9 ± 10.4

Education

No secondary 128 (38.8) 536 (27.0) 40.4 ± 10.6 46.4 ± 9.7 43.8 ± 11.1 49.2 ± 11.1

Secondary 79 (23.9) 557 (28.0) 39.9 ± 11.8 48.5 ± 9.3 46.2 ± 12.5 50.0 ± 10.1

Post- secondary/tertiary 123 (37.3) 895 (45) 41.5 ± 11.1 49.6 ± 8.6 45.3 ± 13.5 50.9 ± 9.3

Marital Status

Married/partner 218 (65.9) 1473 (74.6) 41.7 ± 10.3 48.9 ± 8.8 46.6 ± 11.1 50.8 ± 9.4

Divorced/separated/single 72 (21.8) 365 (18.5) 38.6 ± 11.6 47.3 ± 10.1 41.4 ± 13.5 48.4 ± 11.2

Widowed 41 (12.4) 137 (6.9) 38.0 ± 12.4 46.2 ± 9.9 41.6 ± 15.1 48.2 ± 11.8

Annual Personal Income

0–25,000 139 (54.9) 659 (38.6) 38.6 ± 11.2 46.0 ± 10.3 44.9 ± 12.8 48.6 ± 11.3

25,001–50,000 80 (31.6) 596 (34.9) 42.8 ± 10.8 50.1 ± 7.7 45.3 ± 12.0 51.2 ± 8.9

50,001–70,000 24 (9.5) 243 (14.2) 47.1 ± 7.2 50.6 ± 7.7 48.7 ± 10.5 51.6 ± 8.2

> 70,000 10 (4.0) 211 (12.4) 48.5 ± 11.5 52.2 ± 5.8 44.2 ± 15.4 51.9 ± 7.7

Ethnicity

European/others 114 (34.6) 1242 (63.1) 40.6 ± 11.0 48.9 ± 9.0 46.1 ± 12.0 50.5 ± 9.6

Maori 216 (65.5) 725 (35.9) 40.5 ± 11.1 47.5 ± 9.5 44.0 ± 12.6 49.4 ± 10.8

Current Smoker (Yes) 66 (20.4) 255 (13.1) 40.8 ± 11.1 47.1 ± 10.3 41.1 ± 13.4 47.6 ± 12.0

Regular Alcohol Consumption (Yes) 67 (20.0) 1015 (51.0) 44.4 ± 9.9 49.6 ± 8.5 46.8 ± 11.8 51.2 ± 9.2

BMI

< 25 41 (14.4) 584 (34.4) 41.3 ± 11.8 50.1 ± 8.2 44.4 ± 12.5 50.9 ± 9.4

25–29.9 80 (28.1) 652 (38.4) 43.9 ± 11.9 49.2 ± 8.4 46.8 ± 12.2 50.7 ± 9.6

≥ 30 164 (57.5) 463 (27.3) 39.510.3 45.4 ± 10.4 44.3 ± 12.6 48.6 ± 10.9

Physical Activity

No 45 (13.9) 163 (8.4) 34.0 ± 12.2 42.4 ± 13.0 37.7 ± 14 46.2 ± 13.2

Once a week 20 (6.2) 86 (4.4) 43.4 ± 11.1 48.4 ± 8.2 43.9 ± 12.1 48.9 ± 10.2

≥ 2 times per week 260 (80.0) 1699 (87.2) 41.8 ± 10.4 49.0 ± 8.5 46.4 ± 11.7 50.7 ± 9.5

Medical Conditions

None 75 (22.3) 679 (33.9) 47.2 ± 8.8 52.3 ± 6.0 48.8 ± 10.6 52.8 ± 8.3

1 96 (28.6) 737 (36.8) 43.1 ± 9.4 48.4 ± 8.6 49.0 ± 10.1 50.4 ± 9.7

≥ 2 165 (49.1) 586 (29.3) 36.5 ± 11.0 43.8 ± 10.7 40.8 ± 13.0 46.9 ± 11.2

Hypertension (Yes) 231 (70.9) 739 (37.1) 39.3 ± 10.9 46.4 ± 9.8 43.8 ± 12.7 48.8 ± 10.5

Sight Problem (Yes) 58 (18.3) 197 (9.9) 38.1 ± 9.4 45.6 ± 9.6 41.6 ± 12.8 46.9 ± 11.7

Hearing Problem (Yes) 35 (10.4) 451 (22.6) 40.4 ± 10.4 46.8 ± 9.7 42.9 ± 12.2 48.8 ± 10.9

Sleep Problem (Yes) 35 (10.4) 105 (5.2) 37.4 ± 10.9 43.6 ± 11.1 36.1 ± 13.5 44.0 ± 13.0
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Figure 2 shows that the mean PCS was significantly
lower for the DM participants (p < .001) and remained
lower across time (p < 0.001). Results of the linear re-
gression model showed that the PCS score decreased
over time in both DM and non-DM participants, how-
ever, with greater variability among DM participants.
Similarly, mean MCS was significantly lower for the DM
participants and remained lower across time (p < 0.001).
In contrast, the MCS score increased over time for the
DM group, while it remained stable among non-DM
participants (p < 0.02) (Fig. 2; Table 2).
GEE modelling demonstrated that the PCS decreased

over time (p < 0.001), however, and there was a significant
difference in the rate of change between DM and non-
DM participants. Having diabetes was negatively associ-
ated with PCS [β (95% CI) − 7.43 (− 8.41, − 6.44)] indicat-
ing that individuals with DM had an average score 7.4
points lower on the PCS than those without diabetes. Al-
though the results showed an increase in MCS (p < 0.001)
over time, the mean of SF12-MCS was lower among DM
participants compared to non-DM participants [β = − 4.97

(− 5.93, − 4.01)]. After adjustment for all other variables
the effect size decreased but the mean difference remained
for both PCS and MCS scores: β = − 3.51 (− 4.55, − 2.45)
and β = − 1.55 (− 2.67, − 0.42) respectively. Additionally,
age, having one/two and more medical conditions, sight
and sleep problems, hypertension, being obese (BMI ≥ 30),
higher annual income, and years of education were signifi-
cant predictors of PCS and MCS (Table 3).
Results of the sensitivity analysis showed that adjust-

ment for the baseline SF-12 confirmed a decrease in the
PCS and an increase in the MCS, and there was a signifi-
cant difference between DM and non-DM participants.
DM participants demonstrated lower QOL scores com-
pared to non-DM participants (Table 4).

Discussion
The current study examined the longitudinal changes in
HRQOL among older people with DM and without DM
over ten years of follow-up. The results showed that the
SF12-PCS decreased over time and having diabetes was
negatively associated with the HRQOL-physical dimension.

Fig. 2 Changes in physical and mental dimensions of SF12, 2006–2016. a mean SF-PCS by wave in people with/without DM. b mean SF12-MCS
by wave in people with/without DM

Table 2 Quality of life score (two components) over time among people with/without diabetes

Outcome time SF 12-PCS
(Mean ± SD)

SF 12-MCS
(Mean ± SD)

With diabetes Without diabetes P value With diabetes Without diabetes P value

2006 40.6 ± 11.0 48.4 ± 9.2 < 0.001 44.9 ± 12.4 50.2 ± 10.0 < 0.001

2008 39.5 ± 11.1 47.4 ± 9.4 < 0.001 44.2 ± 12.6 50.1 ± 9.9 < 0.001

2010 40.3 ± 11.2 46.7 ± 10.0 < 0.001 46.8 ± 11.3 50.6 ± 9.7 < 0.001

2012 40.0 ± 12.2 46.5 ± 10.0 < 0.001 47.8 ± 10.2 50.9 ± 9.9 0.0002

2014 38.7 ± 11.3 45.6 ± 9.7 < 0.001 46.8 ± 10.9 50.6 ± 9.9 < 0.001

2016 39.2 ± 11.6 45.7 ± 9.9 < 0.001 48.7 ± 10.3 51.5 ± 9.1 0.0012

Mean follow-up SF12 score 39.1 ± 10.5 46.1 ± 8.8 < 0.001 45.2 ± 10.6 50.1 ± 8.6 < 0.001
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Although the results showed an increase in SF12-MCS over
time, the mean of SF12-MCS was lower among DM partici-
pants compared to non-DM participants. Grandy et al. [19]
in their longitudinal study found the decline in the EQ-5D
index score people with diabetes about twice the size of the
decline in people without diabetes over 5 years. In a recent
German study by Schunk et al. [21] using a longitudinal

approach over a mean follow-up of 8.7 years, the annual de-
cline in HRQOL scores (both MCS and PCS) in the group
with prevalent diabetes was significantly larger than in
people without diabetes. Our results found no difference in
the decline of the HRQOL scores, but the difference be-
tween groups remained significant over time. This indicates
the people with DM have poorer performance in both

Table 3 Results of the multivariate generalized estimating equation analysis regarding association between different factors with
HRQOL dimensions
Characteristics SF12-PCS SF12-MCS

βa (SE) 95% CI P value βa (SE) 95% CI P value

Diabetic −3.50 (0.53) −4.55, − 2.45 0.000 −1.55 (0.57) −2.67, − 0.42 0.007

Age −0.09 (0.02) − 0.14, − 0.05 0.000 0.27 (0.02) 0.22, 0.31 0.000

Sex (ref: female) −0.54 (0.35) −1.24, 0.15 0.130 −0.94 (0.38) −1.69, − 0.19 0.014

Education (ref: No Secondary)

Secondary 0.24 (0.46) −0.66, 1.16 0.594 −0.86 (0.50) −1.83, 0.12 0.087

Post- secondary/tertiary 0.92 (0.41) 0.11, 1.72 0.025 −0.17 (0.44) −1.04, 0.68 0.684

Marital status (ref: Married/Partner)

Divorced/separated/single 0.07 (0.35) − 062, 0.77 0.832 − 1.32 (0.39) −2.09, − 0.55 0.001

Widowed −0.47 (0.42) − 1.30, 0.35 0.266 −1.33 (0.47) −2.25, − 0.41 0.005

Annual Personal Income (0–25,000)

25,001–50,000 2.52 (0.39) 1.75, 3.29 0.000 2.15 (0.42) 1.33, 2.98 0.000

50,001–70,000 3.71 (0.53) 2.66, 4.75 0.000 2.80 (0.56) 1.68, 3.92 0.000

> 70,000 4.10 (0.58) 2.96, 5.25 0.000 2.77 (0.62) 1.54, 3.99 0.000

Ethnicity (ref: European)

Māori 0.29 (0.35) −0.39, 0.98 0.397 0.01 (0.37) 0.72, 0.75 0.064

Current Smoker (ref: Non-smokers) −0.76 (0.40) −1.55, 0.02 0.059 −1.73 (0.44) −2.61, −0.86 0.000

Regular Alcohol Consumptionb (ref: < 2 per weeks) 0.79 (0.21) 0.37, 1.22 0.000 0.82 (0.24) 0.35, 1.29 0.001

BMI (ref: < 25)

25–29.9 −0.65 (0.39) −1.43, 0.12 0.098 −0.24 (0.42) −0.59, 1.07 0.572

≥ 30 −3.66 (0.44) −4.53, −2.79 0.000 −0.90 (0.47) −1.83, 0.02 0.056

Physical Activity (ref: No)

Once a week 2.54 (0.31) 1.93, 3.16 0.000 1.20 (0.35) 0.50, 1.89 0.001

≥ 2 times per week c 3.16 (0.26) 2.65, 3.68 0.000 2.23 (0.29) 1.65, 2.80 0.000

Medical conditionsd (ref: No)

1 −2.98 (0.32) −3.61, − 2.35 0.000 −1.52 (0.35) − 2.22, −0.83 0.000

2 −5.53 (0.36) −6.26, −4.81 0.000 −3.92 (0.40) −4.71, − 3.13 0.000

Hypertension (ref: no) −1.17 (0.28) −1.72, −0.62 0.000 −0.83 (0.30) − 1.43, − 0.23 0.007

Sight problem (ref: no) − 1.33 (0.31) −1.95, − 0.70 0.000 −1.18 (0.35) − 1.87, − 0.48 0.001

Hearing problem (ref: no) − 0.48 (0.31) −1.10, 0.12 0.121 −0.69 (0.34) −1.36, − 0.02 0.042

Sleep problem (ref: no) −2.17 (0.38) − 2.93, − 1.41 0.000 −2.80 (0.42) −3.64, − 1.96 0.000
aAdjusted model, b 2 and more drink per week, c 2 and more times per week brisk walking, moderate and vigorous physical activity, dMedical
conditions including heart, stroke, chronic respiratory including asthma, liver (cirrhosis), neurologic (epilepsy, migraine, multiple sclerosis,
Parkinson, Alzheimer, dementia, mental disorders including depression)

Table 4 Differences between SF12 scores between DM and non-DM participants adjusted for the baseline values

SF12-PCS β (SE) 95% CI P value SF12-MCS β (SE) 95% CI P value

Baseline 0.66 (0.02) 0.63–0.69 < 0.001 Baseline 0.51 (0.01) 0.48–0.54 < 0.001

time −0.30 (0.03) −.035, −.025 < 0.001 time 0.09 (0.03) 0.03–0.14 0.003

group −2.60 (0.44) −3.46, −1.74 < 0.001 group −1.77 (0.44) − 2.63-0.90 < 0.001
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dimensions of the HRQOL at starting point compared to
those without DM from the baseline, and this difference
remained significant over time. Similar to cross-sectional
studies we found that the SF12-PCS are lower among those
with DM compared to people without DM [24].
There are two possible reasons for the differences be-

tween our results and the previous studies: instruments
and measurement points. We used the SF12 instrument
to assess QOL while Grandy et al. [19] used the EQ-5D
index which has more ceiling effect and less breadth of
mental dimensions compared to the SF12. The difference
between our study and the German study [21] is the num-
ber of the study waves; compared to only two measure-
ment points, the five measurement points in our study
provides greater stability in mapping change over time.
We also found that age, having one/two and more

medical conditions, sight and sleep problems, hyperten-
sion, being obese (BMI ≥ 30), higher annual income, and
years of education were significant predictors of
HRQOL. Maatuk et al. [17] in a longitudinal study found
age, smoking, diabetes complications, and BMI associ-
ated with PCS decline and for a decrease in the MCS,
diabetes complications and self-report depression were
significant. We found that those with DM who were liv-
ing alone had poorer MCS over time compared to those
without DM. However, a recent German study found a
reverse effect which suggests the need for more research
about the living arrangement and social support [25].
Like Schunk et al. [21] we did not find significant gen-

der differences for PCS however, in contrast, in our
study women had lower MCS scores than men. Cross-
sectional studies have also shown a more pronounced ef-
fect of diabetes on MCS [25, 26].
Despite the value of longitudinal nature of the current

study to assess variation in the HRQOL among DM and
non-DM participants over five follow up waves using a
national sample of New Zealanders, we acknowledge
that results might be vulnerable to biases. First of all
generalizability of our sample should be considered with
caution because of the participation rate, dropped outs,
and loss to follow up. However, this is a large nationally
sample of older New Zealanders which includes a large
subsample of Maori people allowing different compari-
sons. Secondly, data collection for this longitudinal study
was based on mailed surveys and using the self-report
approach, this is subject to recall and reporting biases
and may not truly reflect the diabetes status of partici-
pants. - As such, the magnitude of the differences be-
tween DM and non-DM groups may be lower than
those observed by studies accessing clinical records.
However, the validity of using self-report has been con-
firmed in previous studies [27], and thus current esti-
mates it can advance our understanding of HRQOL
among those with diagnosed DM in the New Zealand

context. Another limitation is missing values due to
death or other reasons; we used GEE modelling to ad-
dress the problem however, future research may usefully
employ different methods, such as multiple imputations.
Interferences under the GEE method are valid with the
strong assumption that the missing data are missing
completely at random. When response data are missing
at random, the GEE method should be modified either
by inverse-probability weighting or by multiple imputa-
tions [28]. Weight and height were based on the self-
report approach which is subject to recall and under/
over -reporting biases. We also considered the BMI as
the fixed variable since the data was available only in
wave 2008, however BMI might be changed over time
for some reasons such as the weight loss following diag-
nosis of diabetes as a part of diabetes management, we
recommend that other studies should consider measur-
ing weight and height for BMI calculation using tools
and over the study period. Finally, selection bias is a po-
tential problem when attempting to generalise estimates
obtained in this study to the broader population of older
adults as those who accepted to stay in the study might
be not a representative sample of the older New Zealand
population and the effect size accordingly be underesti-
mated as those with greater health-related barriers to
participation may be under represented.

Conclusions
Our study demonstrates that decline in HRQOL over
time was similar for those with and without DM;
however, the difference between the scores of HRQOL
between DM and non-DM participants at the baseline
remained significant over time. This indicates that
diabetes has a continuing negative impact on HRQOL;
therefore, disease management plans should seek to
address this burden. An inverse association between age
and HRQOL reflects that diabetes care and management
should target elderly individuals to enhance the general
health and well-being of older adults with diabetes.
Efforts to improve diabetes management, including

evidence-based treatment and advice for self-
management [29], are crucial to alleviating the diabetes
burden in afflicted patients especially older adults.
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