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Abstract

Aims/hypothesis The aim of this study was to assess gender
differences in mortality and morbidity during 13 follow-up
years after 6 years of structured personal care in patients with
type 2 diabetes mellitus.

Methods In the Diabetes Care in General Practice (DCGP)
multicentre, cluster-randomised, controlled trial
(ClinicalTrials.gov registration no. NCT01074762), 1,381 pa-
tients newly diagnosed with type 2 diabetes were randomised to
receive 6 years of either structured personal care or routine care.
The intervention included regular follow-up, individualised
goal setting and continuing medical education of general prac-
titioners participating in the intervention. Patients were re-ex-
amined at the end of intervention. This observational analysis
followed 970 patients for 13 years thereafter using national
registries. Outcomes were all-cause mortality, incidence of di-
abetes-related death, any diabetes-related endpoint, myocardial
infarction, stroke, peripheral vascular disease and microvascu-
lar disease.

Results In women, but not men, a lower HR for structured
personal care vs routine care emerged for any diabetes-related
endpoint (0.65, p=0.004, adjusted; 73.4 vs 107.7 events per
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1,000 patient-years), diabetes-related death (0.70, p=0.031;
34.6 vs 45.7), all-cause mortality (0.74, p=0.028,;
55.5 vs 68.5) and stroke (0.59, p=0.038; 15.6 vs 28.9). This
effect was different between men and women for diabetes-
related death (interaction p=0.015) and all-cause mortality
(interaction p=0.005).

Conclusions/interpretation Compared with routine care,
structured personal diabetes care reduced all-cause mortality
and diabetes-related death in women but not in men. This
gender difference was also observed for any diabetes-related
outcome and stroke but was not statistically significant after
extensive multivariate adjustment. These observational results
from a post hoc analysis of a randomised controlled trial can-
not be explained by intermediate outcomes like HbA ;. alone,
but involves complex social and cultural issues of gender.
There is a need to rethink treatment schemes for both men
and women to gain benefit from intensified treatment efforts.

Keywords Gender - General practice - Intervention -
Mortality - Myocardial infarction - Primary care - Sex -
Stroke - Type 2 diabetes mellitus

Abbreviations

CVD  Cardiovascular disease

DCCT Diabetes Control and Complications Trial
DCGP Diabetes Care in General Practice

GP General practitioner

MI Myocardial infarction

Introduction

Men generally have a lower life expectancy than women [1]
and people with type 2 diabetes are at increased risk of
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premature death, especially from cardiovascular disease
(CVD), compared with people without diabetes [2, 3]. The
relative protection against CVD and death observed in women
vs men is reversed in patients with diabetes [4]. Women with
diabetes have a proportionally greater risk of cardiovascular
death and stroke than men with diabetes [2, 4]. Control of
blood glucose [5], blood pressure [6] and cholesterol [7]
may decrease the risk of diabetic complications. Gender-
based behaviour change and attitudes towards diabetes are
common observations. Women tend to diet more [8—10], use
the healthcare system more often [11] and more often report
that diabetes has a negative impact on their lives [12], but they
exercise less than men [9, 10, 13]. Despite these known gen-
der differences in diabetes-related behaviour and diabetes out-
comes there is only limited evidence on the impact of gender
on the effectiveness of diabetes interventions. However, it has
been suggested that the health service should be concerned
with inequalities between men and women in the management
of patients at risk of coronary heart disease [14].

In the pragmatic, open, multicentre, randomised con-
trolled trial Diabetes Care in General Practice (DCGP)
(ClinicalTrials.gov registration no. NCT01074762), the inter-
vention of structured personal care reduced the incidence of
any diabetes-related outcome and myocardial infarction (MI)
in patients newly diagnosed with type 2 diabetes [15].
However, the observed effect of structured personal care on

reducing HbA ;. measured 6 years after diagnosis was present
only in women [13]. With evidence of gender differences in
disease outcomes, behaviours and attitudes in people with
type 2 diabetes, it is relevant to investigate the impact of gen-
der on intervention outcomes in diabetes trials. Hence, at the
end of 6 years of structured diabetes intervention, we assessed
gender differences in mortality and cardiovascular and micro-
vascular complications over a follow-up period of 13 years,
using registry data.

Methods

Study population The DCGP study was a pragmatic, open,
controlled trial in which general practices were randomised to
provide structured personal care or routine care [16]. In the
DCGP study, 474 Danish general practitioners (GPs) treated
1,381 patients with diabetes newly diagnosed based on spe-
cific diagnostic criteria (Fig. 1) [16]. Among these patients,
1,369 (99.1%) were of western European descent. Based on
onset of insulin treatment, approximately 97.5% of the pa-
tients were considered to have type 2 diabetes. The present
study population comprises the 970 patients who survived and
were re-examined at the end of 6 years of intervention. Of
these, 478 were women, and 492 were men. The study was
approved by the Research Ethics Committee of Copenhagen

Fig. 1 Patient flow through trial.
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and Frederiksberg (V.100.869/87) and oral consent was given
by all patients.

Intervention In Denmark, routine care for type 2 diabetes is
usually provided in the primary care setting and costs are
covered by a tax-based health insurance system. In the inter-
vention group, follow-up every 3 months and annual screen-
ing for diabetes complications were supported by a question-
naire sent to GPs 1 month before the next expected consulta-
tion. GPs were asked to work with patients to define the best
possible goals for controlling important risk factors, with an
emphasis placed on glycaemic control [16]. At each quarterly
consultation, GPs were asked to evaluate patients’ achieve-
ments in light of the goals set.

GPs were introduced to possible solutions to therapeutic prob-
lems through six annual half-day seminars, annual descriptive
feedback reports on individual patients and folders and leaflets
for doctors and for patients. Generally, the importance of diet was
stressed and doctors were recommended to postpone, if possible,
the start of glucose-lowering drugs until at least 3 months after
diabetes diagnosis to observe the effect of any weight loss. GPs
were encouraged to recommend increased physical exercise and
simple dietary rules [16]. In cases of persistent hyperglycaemia,
hypertension and/or dyslipidaemia, pharmacological treatment
was recommended. No individual patient-specific advice on
treatment was given to GPs, who were allowed to deviate from
the recommendations in an effort to individualise treatment.
None of the intervention procedures were explicitly based on
the sex of the patient. Patients were never approached by the
study centre.

GPs in the routine care group were free to choose any
treatment and to change it over time [16]. The practices pro-
viding routine care were not contacted by the study coordinat-
ing centre during the trial after patient inclusion had stopped.
In September 1995, the intervention was terminated and the
6 year examination was initiated. No further attempt was made
to maintain patients in the randomised groups or to influence
their therapy.

Clinical follow-up The clinical 6 year follow-up examination
was completed for 970 (93.4%) of 1,039 surviving patients after
a median (interquartile range) of 5.57 (4.96-6.16) years in the
structured personal care group and 5.85 (5.30-6.45) years in the
routine care group. At this follow-up examination, GPs recorded
body weight, blood pressure, glucose-lowering medication,
number of consultations the preceding year and whether a pa-
tient had ever been treated at a diabetes clinic. In questionnaires,
patients gave information about whether they lived alone,
smoking habits and leisure-time physical activity. Analysis of
fasting blood samples and freshly voided morning urine samples
was centralised. The fraction of HbA,. was determined using
the same ion-exchange HPLC method throughout the study. The
reference interval was 5.4-7.4% (36—57 mmol/mol). This

method was later compared with a newer Diabetes Control
and Complications Trial (DCCT)-aligned HPLC method. The
reference range may cautiously be converted to 4.8-6.7%
(29-50 mmol/mol) if the DCGP analytical method had been
DCCT-aligned [16]. A description of other variables and defini-
tions has previously been published [16]. Hypertension was
defined as systolic/diastolic blood pressure >160/90 mmHg
and/or the use of antihypertensive and/or diuretic drugs.
Microalbuminuria was defined as urinary albumin concentration
>15 to <200 mg/l and proteinuria as >200 mg/1.

At 6 year follow-up, GPs answered questions about patient
motivation for best possible control and treatment, patient at-
titudes to study participation, influence of patient’s own efforts
on the course of diabetes treatment, a realistic goal for fasting
whole-blood glucose and the GP’s opinion on whether knowl-
edge that the patient was participating in a study influenced
consultations. Patients answered five questions concerning al-
tered habits, food habits, home glucose monitoring, attitudes
towards diabetes and social support. All questions were based
on a literature review and interviews with people who have
type 2 diabetes. Experienced GPs and sociologists reviewed
the questions, which were revised after pilot testing.

Registry-based follow-up After the end of intervention, pa-
tients were followed up for 13 years using Danish registries.
The vital and emigration status of all patients were certified
through the Danish Civil Registration System [17], in which
everyone living in Denmark is registered with a permanent and
unique personal identification number allowing linkage be-
tween study populations and all national registries. Surviving
patients were censored on 31 December 2008. The Danish
Register of Causes of Death contains information about under-
lying and possible contributory causes of death [18]. In four
cases the cause of death was not recorded in this registry. The
Danish National Patient Register includes information on al-
most all contacts with hospitals in Denmark [19] (e.g. dis-
charge diagnosis[es] and surgical procedures performed). The
seven outcomes used in the registry-based follow-up were
made with reference to those in the UK Prospective Diabetes
Study (UKPDS) [20]: any diabetes-related endpoint, diabetes-
related deaths, all-cause mortality, MI, stroke, peripheral vas-
cular disease and microvascular disease.

Statistical analysis The incidences of death and other out-
comes were analysed univariably with logrank tests and
multivariably in Cox regression models. In the latter, 95%
Cls and p values were determined using a sandwich estimator
for the variance to account for clustering of patients within
practices [19]. Patients with missing values for one or more
variables were omitted from the analyses where these vari-
ables were included. Absolute risks for each outcome were
calculated as the number of patients experiencing the corre-
sponding outcome divided by the sum of the risk times
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(i.e. from the start of the 6 year follow-up examination to the
first occurrence of the outcome, death or end of follow-up).
Patients with any occurrence of an outcome preceding the
6 year follow-up were excluded from the analyses pertaining
to that outcome. Two multivariate models are presented: one
model adjusting for age, diabetes duration and clustering and
one model with additional adjustment for BMI, hypertension,
HbA,., total cholesterol, sedentary physical activity, current
smoking and receipt of glucose-lowering medication.
Whether the effect of randomisation differed between gender
groups was tested by the interaction of patient sex and
randomisation group in a joint model for men and women.
Analyses were done in SAS v9.2 (SAS Institute, Cary, NC,
USA). The level of statistical significance was p<0.05.

Results

After 6 years of intervention no gender-specific differences in
the effect of the intervention on intermediate outcomes was
seen, except for HbA . (Table 1). In the intervention and con-
trol group, respectively, HbA . concentration was 8.6%
(70 mmol/mol) and 9.4% (79 mmol/mol) in women and
8.8% (73 mmol/mol) and 9.0% (75 mmol/mol) in men
(interaction p=0.003). There was no difference between men
and women in the effect of intervention on referral to a diabe-
tes clinic, although since diabetes diagnosis, fewer women
had been referred in the structured personal care group than
in the routine care group (17.3% vs 31.3%, p=0.003).

The intervention did not have a statistically significant ef-
fect on patients’ attitudes. While men in the intervention group
tended to feel that they had less social support than the men in
the control group, the possible effect of the intervention went
in the opposite direction for women (Table 2). This tendency
is in line with the observation that, when considering the in-
fluence of a patient’s own efforts on treatment course, the
intervention GPs considered that the men’s efforts were at a
lower level than that of the control GPs’ male patients. Again,
the intervention had an effect in the opposite direction for
women (interaction p=0.011, Table 2). In both randomisation
arms, women were considered to comply better with dietary
advice than men.

During 13 years of follow-up, no statistically significant re-
ductions in outcomes were observed for men when comparing
the structured personal intervention group with the routine care
group (Table 3). In women, however, a lower HR (95% CI) and
absolute risk for personal structured vs routine care emerged for
any diabetes-related endpoint (0.65 [0.48, 0.87], p=0.004, ad-
justed for age, diabetes duration, clustering, physical activity,
smoking and clinical variables; 73.4 vs 107.7 events per 1,000
patient-years), diabetes-related death (0.70 [0.50, 0.96], p=
0.031; 34.6 vs 45.7), all-cause mortality (0.74 [0.57, 0.97], p=
0.028; 55.5 vs 68.5) and stroke (0.59 [0.36, 0.97], p=0.038;
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15.6 vs 28.9). This effect differed between men and women
for diabetes-related death (interaction p=0.015, Table 3) and
all-cause mortality (interaction p=0.005). Hence, survival for
women who received structured care improved whereas there
was a tendency towards a poorer survival for men following
structured care (Fig. 2).

Discussion

During 13 years of follow-up after the completion of 6 years
of structured personal diabetes care, women experienced low-
er all-cause mortality and lower incidences of diabetes-related
death, any diabetes-related endpoint, and stroke compared
with women in the control group. Such effects were not seen
in men. The gender difference was statistically significant for
all-cause mortality and diabetes-related death.

Gender perspective The structured personal care intervention
provided focused treatment strategies for lowering blood glu-
cose, blood pressure and cholesterol but the intervention did
not take a patient’s gender into consideration in any way. The
intervention, however, lowered HbA |, in women but not men
(Table 1). The HbA,. level has been shown to have a graded
positive association with risk of stroke in women [21] and
mortality increases with HbA . in type 2 diabetes [22]. The
lowering of HbA . could therefore contribute to explaining
the positive outcome for women. However, the difference in
mortality outcome persisted after adjustment for HbA ..
Turnbull et al, in a meta-analysis, found that treatment alloca-
tion to more intensive glucose control reduced the risk of
major cardiovascular events but not all-cause or cardiovascu-
lar mortality [23]. Intensive multifactorial therapy in high-risk
patients with type 2 diabetes and well-established
microalbuminuria, however, has previously been shown to
reduce death from any cause and cardiovascular death [24].

Gender differences in diabetes outcomes are well docu-
mented. However, we are not aware of other studies assessing
the impact of gender on endpoints in structured diabetes inter-
ventions. A large meta-analysis found women with diabetes to
be at more than 40% higher risk of incident coronary heart
disease than men with diabetes [25]. Moreover, a relatively
higher increase in mortality [3, 26], fatal CVD [4, 27] and
stroke [3, 28] has been found among women diagnosed with
diabetes compared with men. However, one meta-analysis
found that the excessive relative risk of CVD in women with
type 2 diabetes was absent when adjusting for classical CVD
risk factors [29]. With our gender-based results showing im-
proved morbidity and mortality outcomes for women receiv-
ing structured personal care, but without any obvious expla-
nation from improved intermediate outcomes (except for
HbA, ., for which we adjust), we need to discuss how gender
really matters in diabetes and diabetes care.
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Fig. 2 Survival after end of intervention according to randomisation arm
and gender. Solid blue line, structured care, women; solid red line, struc-
tured care, men; dotted blue line, routine care, women; dotted red line,
routine care, men

In medical research, gender issues are usually presented as
cross-sectional measures of difference, indicating a dichoto-
mous and essentialist understanding of men and women.
However, to explain the impact of gender on our study out-
come, a more complex conceptual and theoretical framework
is needed [30]. In this discussion, we shall regard gender in the
context of social and cultural interaction (‘doing gender’) be-
yond an inborn property [30]. Taksdal and Widerberg have
presented a framework assessing gender as ‘biology’, ‘identi-
ty’, ‘symbol’ and ‘structure’ [31]. We shall apply this frame-
work to discuss potential hypotheses for the impact of gender,
reflected by the difference in the intervention effect on all-
cause mortality between men and women in our study.

In medicine, gender in terms of ‘biology’ (usually reported
as ‘sex’) has traditionally been regarded as most relevant.
Generally, women lose their female cardiovascular protection
when suffering from type 2 diabetes [26]. This has been ex-
plained by epigenetic changes prompting more unfavourable
presentation of oestrogen receptors associated with higher ox-
idative stress, pro-inflammatory profile and increased athero-
sclerotic plaque formation [32].

Gender in terms of ‘identity’ is linked with how people
think, feel and behave when they incorporate masculinity
and femininity and perform masculine or feminine roles.
Women disclose their diabetes status and integrate manage-
ment more readily into their lives, whereas men are more
reluctant to talk about their diabetes and are less observant
of self-management practices [8]. Women find it more stress-
ful to accommodate their own needs and health concerns into
daily life since they often see themselves as caretakers and
givers rather than receivers [33]. We previously reported a
more adaptive attitude towards treatment among women,

and this could lead to better treatment adherence and disease
outcomes [13]. Women report poorer social support compared
with men [34], possibly linked to a poorer self-perceived qual-
ity of life [35]. This, together with health status, is related to
increased mortality [36]. Hence, the structured diabetes inter-
vention might have provided disease-related support and at-
tention, which improved disease behaviour and self-perceived
quality of life, leading to positive long-term outcomes for
women.

Gender in terms of ‘symbol’ pertains to cultural images of
masculinity and femininity—which is necessary to be consid-
ered a real man or a real woman [37]. Negotiating work and
healthcare have been identified as barriers to disease self-
management and acceptance of disease [38]. Men have been
found to be less worried about long-term outcomes and to be
more troubled by limitations to their personal freedom follow-
ing diabetes diagnosis [34]. Men expect less benefit from self-
management [34] and rely more on self-directed learning [8].
This may contribute to the poorer outcome among men in the
structured diabetes intervention.

Gender in terms of ‘structure’ deals with work, economy,
power and privileges. In most societies men are better educat-
ed, have higher positions in society, are more financially in-
dependent and take greater control of decision making than
women. Several studies have shown that men with diabetes
and CVD are more likely than women with comparable con-
ditions to receive more intensive medical treatments such as
statins, antihypertensive drugs and acetylsalicylates [26, 39],
which would be expected to lead to better treatment outcomes.
As we provided a focused, structured and personalised inter-
vention for both men and women, quality of care could be
assumed to be similar in both groups. Therefore, a possible
treatment bias might have been levelled out, adding to im-
proved outcomes among women.

Structured personal diabetes care could provide women
with significant attention and support and thus provide an
incentive to treatment adherence. Women accept disease and
implement disease management more easily [13], which
might affect long-term outcomes. Masculinity may be chal-
lenged by diabetes, demanding daily consideration and life-
style changes [34]. The structured approach could conflict
with men’s tendency to trust self-directed learning instead of
self-management.

Strengths and weaknesses of the study This is a post hoc
analysis of a randomised controlled trial and the results should
be interpreted as observational. The detailed information on
possible confounders, however, allowed for extensive adjust-
ment of HRs.

The outcomes of this study were drawn from the Danish
national registries. The Danish Register of Causes of Death
covers the entire population of Denmark [18] and the Danish
National Patient Registry has covered discharges from Danish
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hospitals since 1977 [19]. From 1995 onwards this registry
has also covered outpatients, but contacts with the few and
small private specialised hospitals were not included in the
registry until 2007. The private hospitals may be considered
relatively unimportant in the present analyses, as hardly any of
the outcomes of interest are treated there.

Vital status was confirmed for all our study participants.
The cause-specific mortality, in our study diabetes-related
deaths, relies on the validity of the diagnoses in the national
registries. These methodological considerations, however, are
not relevant for the outcome of all-cause mortality. The valid-
ity has not been established for all the non-fatal outcomes. In
one study, the predictive value of MI as primary diagnosis or
underlying cause of death was 93.6% and the sensitivity was
77.6% in comparison with definite or possible MI [40]. For a
stroke diagnosis the predictive value was 81-86% in the
Danish National Patient Register when evaluated in an audit
of patient records [41].

In the nationwide DCGP study, time-dependent changes in
definitions of diseases and in registration and coding practices
are unlikely to cause differential misclassification according to
treatment allocation. This assumption of non-differential mis-
classification is supported by the fact that the diagnoses in the
registries are almost entirely provided by GPs unaware of
patients’ randomisation status.

There are several arguments to support the generalisability
of the present results to the wider population of patients with
type 2 diabetes: the study sample was population-based; pa-
tients were included with no upper age limit; the setting was
general practice where most patients with type 2 diabetes are
treated; the elements of the intervention resemble standard
procedures in general practice and a relatively high number
of general practices participated. Due to our application of
individualised treatment goals it is, however, uncertain wheth-
er patients subjected to treatment-to-target will show the same
gender difference.

Clinical implications We present a post hoc observational
analysis of a randomised trial comparing structured personal
diabetes care with routine diabetes care. Of seven predefined
outcomes, the intervention reduced all-cause mortality,
diabetes-related death, any diabetes-related outcome and stroke
in women, but not in men, and this gender difference was
statistically significant for all-cause mortality and diabetes-
related death. After 6 years of intervention, HbA,. was only
lowered in women, but the improvements in outcomes for
women were preserved after adjustment for HbA .. Hence,
we propose that the improved outcomes in women may be
explained by complex social and cultural issues of gender.
There is a need to further explore the gender-specific effects
of major intervention trials in order to rethink the way we pro-
vide medical care to both men and women, so that both men
and women benefit from intensified treatment efforts.
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