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Abstract

Background: We investigated how four aspects of socio-demography influence the effectiveness of an intervention
with structured personal diabetes care on long-term outcomes.

Methods: The Diabetes Care in General Practice (DCGP) study is a cluster-randomized trial involving a population-
based sample of 1381 patients with newly diagnosed type 2-diabetes mellitus. We investigated how education,
employment, cohabitation status and residence influenced the effectiveness of 6 years of intervention with
structured personal diabetes care, resembling present day recommendations. Qutcomes were incidence of any
diabetes-related endpoint and death during 19 years after diagnosis, and cardiovascular risk factors, behaviour,
attitudes and process-of-care variables 6 years after diagnosis.

Results: Structured personal care reduced the risk of any diabetes-related endpoint and the effect of the
intervention was modified by geographical area (interaction p =0.034) with HR of 0.71 (95%Cl: 0.60-0.85) and of 1.
07 (95%Cl: 0.77-1.48), for patients in urban and rural areas, respectively. Otherwise, there was no effect modification
of education, employment and civil status on the intervention for the final endpoints. There were no noticeable
socio-demographic differences in the effect of the intervention on cardiovascular risk factors, behaviour, attitudes,
and process-of-care.

Conclusion: Structured personal care reduced the aggregate outcome of any diabetes-related endpoint and
independent of socio-demographic factors similar effect on cardiovascular risk factors, behaviour, attitudes and
process of care, but the intervention did not change the existing inequity in mortality and morbidity. Residence
modified the uptake of the intervention with patients living in urban areas having more to gain of the intervention
than rural patients, further investigations is warranted.

Trial registration: ClinicalTrials.gov registration no. NCT01074762 (February 24, 2010).
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Background

Epidemiological studies have repeatedly shown increased
occurrence of type 2 diabetes mellitus (T2DM) among
people with low socioeconomic status [1, 2] and living in
rural areas [3]. Primarily due to improved diabetes care,
mortality of T2DM patients has decreased substantially
in recent decades [4], although this trend has been less
favourable among those with low socio-economic status
(SES) [5-10]. A recent Scandinavian study showed in-
creased mortality among people of low SES, but could
not show any systematic differences in mortality be-
tween patients living in rural and urban areas [8].

Social inequality in mortality and morbidity of pa-
tients with T2DM can only be partially explained by
differences in the increased incidence of other comor-
bid disease [1, 11]. SES has been reported to influence
metabolic control [12], pharmacological treatment [13]
and ability to change lifestyle according to the recommen-
dations [14, 15]. Inequality in access to and utilization of
health care [16, 17] could influence the course of T2DM
[18, 19].

Though SES and place of living influence care and
prognosis of T2DM [8, 10, 11, 20], there is only limited
evidence as to whether the effectiveness of diabetes in-
terventions differs with regard to SES and residence. Re-
cent reports suggest that interventions with intensive
diabetes care diminish the socio-economic differences in
intermediate outcomes [13, 21], but we do not know
whether this effect also is seen on long-term outcomes.
One may hypothesize, that an intervention with struc-
tured personal care may succeed to reduce the difference
between socio-demographic groups [13], as the effective-
ness of this intervention in two post hoc analyses have
been reported to be especially pronounced in women
[22] and in patients with severe mental illness [23].

Our aim in the present study is to describe how socio-
demographic status and residence influences the effect-
iveness of an intervention with structured personal care
in newly diagnosed patients with T2DM regarding all-
cause mortality and any diabetes-related endpoint during
19 years of follow-up.

Methods

Patients

The Diabetes Care in General Practice (DCGP) study
was a pragmatic, open, multicentre, cluster-randomized
controlled trial (ClinicalTrials.gov registration no.
NCT01074762) [18]. The purpose of the trial was to test
whether structured personal care, compared to routine
care, for patients newly diagnosed with T2DM, reduced
the incidence of seven pre-defined outcomes, including
all-cause mortality and any diabetes-related outcome
[18, 24]. In 1988, a random sample of two thirds of Da-
nish general practices, excluding singlehanded practices

Page 2 of 11

with a doctor aged >60 years, received an invitation to
participate in the study. Of 1902 general practitioners
(GPs), 474 (25.4%) volunteered. In 1989-1992, all prac-
tices included all patients aged 40 years or over with
newly diagnosed diabetes based on strict criteria [18].
All practices were randomized to either six years of
structured personal care or routine care in the period
1989-1995 and all patients had a follow up examination
6 years after diagnosis [24]. The inclusion criteria were
met by 1590 patients, of which 209 patients were ex-
cluded according to predefined criteria, so that the num-
ber of study participants was 1381 (Fig. 1). Among these
patients, 1369 (99.1%) were of western European descent
and, based on onset of insulin treatment, most were
considered to have T2DM (97.5%). The Ethics Commit-
tee of Copenhagen and Frederiksberg (V.100.869/87) ap-
proved the study and all patients gave informed consent.

Intervention

The Danish healthcare system is mainly tax-financed
and based on the egalitarian principle of equal health-
care access for all equal healthcare needs, clinic visits
are free of charge and expenditures for prescribed drugs
are for the most part reimbursed. In Denmark the GP
usually provides diagnosis and routine care for T2DM
and function as gatekeeper for specialist care.

In the intervention arm follow-up every 3 months and
annual screening for diabetes complications were sup-
ported by sending out a questionnaire to GPs one month
before the next expected consultation. Goal-setting for
blood glucose, blood pressure, lipids and weight was in-
dividualized [24], and GPs were introduced to possible
solutions to therapeutic problems through six annual
half-day seminars, descriptive annual reports on individ-
ual patients as well as folders and leaflets for doctors
and patients, resembling present day recommendations
for diabetes care [25, 26]. None of the intervention pro-
cedures were explicitly based on social differentials. Pa-
tients were never approached by the study centre. GPs
in the routine care group were free to choose any treat-
ment and change it over time [24] and they were not
contacted after patient inclusion had stopped until the
intervention was terminated and the 6-year examination
was initiated in September 1995.

Assessments

At the time of diagnosis and at the 6-year follow up
examination measures of patients’ health and social sta-
tus were collected in questionnaires to GPs, eye doctors
and patients. Upon inclusion, patients gave information
about socio-demographic variables in questionnaires:
highest attained education level (basic school education
only or higher education level); in labour market, out of
labour market or retired; and whether patients lived
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Volunteering general practitioners (n=474)

[Eligible patients (n=894)

Primary exclusions:
Severe somatic disease (n=40)
Severe mental illness (n=32)
Declined to consent (n=35)
Secondary exclusions:
Diagnosis not confirmed (n=26)

|Structured personal care 1989-1995 (n=761)

Died before before 6-y follow-up was
I>|completed and before 31.01.1998
(n=178)

Withdrew consent to 6-y follow-up (n=18)
| Lost to follow-up (n=16)

Completed 6-y follow-up examination
26.09.1995 - 31.01.1998 (n=549)

I\

i
|Rand0mized to structured personal care (n=243) | |Randomized to routine care (n=231)
Patient recruitment over 2 years (01.03.1989 - 28.02.1991)
71 intervention doctors volunteered to recruit patients for a further year
v v

|Eligible patients (n=696)

Primary exclusions:
Severe somatic disease (n=10)
Severe mental illness (n=18)
Declined to consent (n=27)
Secondary exclusions:
Diagnosis not confirmed (n=21)

[Routine care 1989-1995 (n=620) |

Died before before 6-y follow-up was
I> |completed and before 31.01.1998
(n=164)

L Withdrew consent to 6-y follow-up (n=17)
Lost to follow-up (n=18)

Completed 6-y follow-up examination
26.09.1995 - 31.01.1998 (n=421)

v

| Registry-based follow-up from diabetes diagnosis and inclusion in study to 31.12.2008

Fig. 1 Patient flow diagram from inclusion until 19-year register based follow-up

alone or were cohabiting/married. Information on smok-
ing habits and leisure-time physical activity was also col-
lected. Information on place of living was recorded as
rural or urban from area code and population density in
accordance with Statistics Denmark [27].

Clinical and registry based follow-up
The clinical 6-year follow-up examination included meas-
urement of body weight, blood pressure, urinary albumin,
haemoglobin Alc (HbAlc), total cholesterol, fasting triglyc-
erides, and serum creatinine. Patients and doctors were
asked to fill in questionnaires including questions on health
behaviour (smoking, physical activity), attitudes towards
disease (altered habits, diet and home monitoring of blood
glucose), patient’s motivation for best possible control
according to the GP, process-of-care (number of cons-
ultations, number of diabetes-related consultations and
whether patients had been treated at a diabetes clinic) and
if they received pharmacological treatment (cholesterol-
lowering, glucose-lowering and antihypertensive drugs).
During 19 years (mean follow-up time) after diabetes
diagnosis patients were followed up in the national regis-
ters. Vital and emigration status of all patients were certi-
fied through the Danish Civil Registration System [28].
Everyone living in Denmark is registered with a permanent

and unique personal identification number allowing linkage
between study populations and all national registers. Data
on mortality, diagnoses and surgical procedures were from
The Danish Register of Causes of Death (DCD) [29] and
The Danish National Patient Register (DNPR), which
includes information on almost all hospital contacts in
Denmark [30]. The outcomes used in the registry-based
follow up were all-cause mortality and any diabetes-related
endpoint.

(e.g. stroke, myocardial infarction and renal failure, full
list see (Additional file 1)), previously defined [18] and
also used in the UK Prospective Diabetes Study [31].

Statistical analysis

Differences in the incidence of death and any diabetes-
related endpoint between randomization and socio-
demographic groups were analysed univariably with
log-rank tests and multivariably in Cox regressions
models. In the latter, 95% Cls and p values were deter-
mined using a sandwich estimator for the variance to
account for clustering of patients within practices [30].
Absolute risks were calculated as the number of partici-
pants experiencing the corresponding outcome divided
by person years of risk. Two multivariable models are
presented, one adjusted for age at diagnosis, sex and
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clustering, the other with additional adjustment for the
following variables at diagnosis: BMI, hypertension,
HbAlc, total cholesterol, urinary albumin, physical activ-
ity, smoking, known cardiovascular disease (see Table 1),
and prescription of glucose- and/or lipid-lowering and/or
antihypertensive drugs.

For behavioural, clinical, biochemical and process-of-
care variables at the 6-year examination we used multi-
variable generalized linear regression models (ordinary
linear regression for continuous variables, logistic regres-
sion for binary variables and negative binomial regres-
sion for count variables) and presented the effects of
structured care vs. routine care, stratified on sociodemo-
graphic groups adjusted for age, sex, and diabetes dur-
ation. Effect modification was assessed by a test for the
interaction between randomization and SES groups in
the corresponding model. Clustering with GPs was
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accounted for by the use of generalized estimating equa-
tions. Due to the multiple comparisons the level of stat-
istical significance at 5% is not interpreted rigorously.
We performed a log rank test for all-cause mortality and
any diabetes-related endpoint comparing the four groups
defined by educational background and the intervention.
We used the statistical program SAS v9.4 (SAS Institute,
Cary, NC, USA).

Results

The indirect randomization was successful except that
relatively more routine care patients were living in rural
areas (Table 1). Overall, a low level of education was as-
sociated with higher all-cause mortality (Fig. 2) and any
diabetes-related endpoint (Fig. 3) showing significant dif-
ference between the 4 groups in respectively all cause-
mortality and any diabetes related endpoint (log-rank

Table 1 Patient characteristics at diabetes diagnosis according to treatment arm

No. of respondents Routine Structured p-value
Routine/ care care
Structured care
Socioeconomic
Age, years 620/761 65.2 (734; 56.2) 65.5 (73.7; 55.6) 0.59
Male gender 620/761 329 (53.1) 404 (53.1) 0.99
Living alone 606/743 198 (32.7) 236 (37.6) 0.72
Rural residence 596/728 161 (27.0) 153 (21.0) 0.011
Basic school education only 588/723 459 (78.1) 574 (79.4) 0.56
Employment status 605/744 0.51
In labor market 157 (26.0) 208 (28.0)
Out of labor market® 181 (29.9) 203 (27.3)
Retired 267 (44.1) 333 (44.8)
Medical history
Cardiovascular disease” 603/743 191 (31.7) 223 (30.0) 0.51
Clinical
Body mass index, kg/m2 619/753 287 (32.2; 26.0) 294 (33.0; 26.2) 021
Hypertension® 620/761 458 (73.9) 568 (74.6) 0.75
Biochemical
Fasting plasma glucose, mmol/L 620/761 13.8 (10.7; 17.1) 13.6 (10.7; 16.9) 044
HbA, %¢ 512/624 10.2 (8.7; 11.9) 10.2 (86;11.7) 0.75
Total cholesterol, mmol/L 620/740 6.2 (55;,72) 6.2 (53;7.1) 0.16
Fasting triglycerides, mmol/L 610/736 20 (14; 3.0 20(14;29) 062
Serum creatinine, umol/L 611/740 88 (79; 100) 90 (80; 101) 041
Urinary micro- or proteinuria® 595/723 254 (42.7) 304 (42.1) 0.81
Behavioral
Sedentary (leisure-time) physical activity 604/741 162 (26.8) 210 (28.3) 0.54
Current smokers 604/742 208 (34.4) 264 (35.6) 0.66

Values are medians (interquartile range) or numbers (% of randomization group). The p-values are from Chi square tests for categorical data and Kruskal-Wallis
tests for numeric data. “Welfare benefits (unemployment-, social- health related benefits); "Known cardiovascular disease: History of myocardial infarction, angina
pectoris, stroke, intermittent claudication or amputation; “Patients with systolic/diastolic BP > 160/90 mmHg and/or the use of antihypertensive and/or diuretic
drugs; “HbA; measured within 45 days of diabetes diagnosis, reference range 5.4-7.4% (59-81 mmol/mol); “Protein level in urin > =15 mg/L
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Fig. 2 Kaplan-Meier plot showing the proportion of surviving
patients since diabetes diagnosis in patients according to
randomization arm and highest attained education level, only basic
schooling vs. higher

test, p < 0.0001). During 19 years of registry-based follow
up structured personal care lowered the risk of any
diabetes-related endpoint by 20% compared with routine
care [18], and this effect seems to be most pronounced
for patients living in urban areas (HR(95%CI) 0.71;
0.60-0.85), patients with only basic level of education
(0.75; 0.63-0.89), patients outside the labour market
(0.73; 0.55-0.97) and patients cohabiting (0.78; 0.65—
0.93) (Table 2). The effect of the intervention, however,
was only statistically significantly different between patients
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Fig. 3 Kaplan-Meier plot showing the proportion of patients without
any diabetes related endpoint since diagnosis according to
randomization arm and highest attained education level, only basic
schooling vs. higher
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living in urban and rural areas (interaction p = 0.034). The
intervention had no effect on all-cause mortality.

Results describing the role of four different aspects of
socio-demography on behavioural, clinical, biochemical
and process-of-care variables at the 6-year examination
are presented in Additional file 2: Table S1, Additional
file 3: Table S2, Additional file 4: Table S3, Additional
file 5: Table S4, and summarized with the p-values from
the test of the corresponding interaction and a descrip-
tion of the association (Table 3). Overall, the effect of the
intervention on these variables did not differ according to
socio-demography. Only few patients were treated with
cholesterol lowering drugs in 1995-96 (1.9% - 5.8%), but
relatively fewer patients living in rural areas were treated
with cholesterol lowering drugs in response to the in-
tervention compared to urban patients. The intervention
resulted in an increased number of diabetes-related consul-
tations regardless of socio-demographic group, and patients
living alone tended to have relatively more consultations
compared to patients cohabiting.

Discussion

The intervention did not influence all-cause mortality
[18], but overall patients receiving structured personal
care experienced a 20% lower risk of any diabetes-
related endpoint compared to patients receiving routine
care. This effect was greater among patients living in
urban areas compared to rural patients, but otherwise,
there was no effect modification of education, employ-
ment and civil status on the intervention for the final
endpoints. Overall the effect of the intervention on be-
havioural, biochemical and process-of-care measures
was not different between the subgroups of the four as-
pects of socio-demography.

Comparison with existing literature

This study reports social inequity in mortality and
diabetes-related morbidity, in line with other studies that
have investigated the impact of level of education [9],
occupation [8] and socio-economic status [7, 8]. The
present findings suggest that an intervention with struc-
tured personal care does not give rise to more social in-
equity in use of the health care system, as has been
described in other studies [13, 21]. Thus the results do
not confirm results from studies of the general popula-
tion showing that the number of consultations at the GP
increases with decreasing socio-economic status [15, 32].
The fact that socio-economic differences in mortality
and morbidity persist, despite formally equal access to
the public health care system, could be due to different
use of specialist care as suggested by others [17, 20], but
this does not seem to be the case for the intervention in
our study.



Page 6 of 11

75

Heltberg et al. BMC Endocrine Disorders (2017) 17

0,0 (8%7'1-££0) L0'L S60 (9€°1-62°0) 1O'L 0 LLL 1'/9 600 (6'99) 68 eel/LeL [einy
odpua
paiefal
-s312qelp
Kuy
€€00 9oUSpIsaY
(5'6€) lew
890 (LE€'1-990) €60 60 (6€°1-¥£0) TO'L 9/0 74 [474 690 (S2€) 8L 9 80¢/LS1 Joge| uj
(1'%9) 1oyjew
24V (8L°1-690) 060 190 (0T'1-¥£0) ¥6'0 190 [id 809 S0 (979 /2L oLl €0¢/18L  Jogej Jo Ino
Ajenow
/80 9SNe>-||y
(8°09) 1ojew
€C0 (CL'1-€90) ¥80 €0 (L'1=£90) £80 €C0 1474 §ls 8¢0  (€99) 801 06 61/871 Joge| uj
(en >pew
€00 (£6'0-650) €40 900 (L0'L—-850) 920 900 L'19 (44 00 (C¥9) 901 601 S9l/87L  Joge| Jo InQ
odpua
paiejal
-s912qelp
Auy
5SNIeIS
050 1uswAojduwg
(509)
€0 (€¥'1-82°0) 90'L 780 (£€1-820) €0'L 8¥'0 0394 8Ly 950 (#'99) ¥8 8L 6¥71/6C1 13ybIH
(LvL)
0C0 (90°L-££0) 060 L€0 (80°'L-180) ¥6'0 S¥0 0€9 799 9t0 (L) Ooly 943 ¥/5/65Y oiseg
Ajenow
Se0 oSNe>-||y
(£99)
60 (Ov'1-€£0) LO'L 690 (8C'1-690) ¥6'0 L€0 0€s G519 LC0 (£69) ¥ 44 ¥C1/801L 13YbIH
(SvL)
80000 (680-€90) /0 8000 (#6'0-£9°0) 080 100 74 68 Y00 (629 €l€ 18¢ Lov/LL€ dlseq
wodpua
paiefal
-s912qelp
Auy
Lo ,uonesnp3
(paun1dnis
/3ulNoJ)
sisoubelp
S9|genen
sa1eqeIp
|eJoineyaq pue aled aled o
enead [eDIUID 10§ paisn(pe BulLIsN pue xas |euosiad aied |euosiad oI o Lo
uoloeIRU| Lonead Ajjleuonippy ponfea d ‘9be 1oy paisnipy onjeAd  painpdns  aunnoy (enjead  painpnag  asunnoy Sogw_i
(s1eak SWODINO YUM Eco:mq
(dnoub SDUSIRYaI=) 218D SUNNOI SNSISA -PaINIDNIS 10) (HH) Ohel piezeH juaned o0 43d S1USAS) ¥sU 21N|OSqY syuaned Jo (%) 'ON 4O 'ON

dnoub oydeibouap-00os 01 Bulpiodde ‘dn-moj|jo) JO SIeaA 6| BulNp AljPHOW 9SNED-||e pue SWOJINO Pa1e|a.-Sa1ageIp AUy Z djqel



Page 7 of 11

75

Heltberg et al. BMC Endocrine Disorders (2017) 17

siskjeue siyy 10} paJizal PapN|IXe I g ‘(Uonesnpa
40 [9n8] 43yb1y /A|uo uonedNpPa j0oYds diseg) [9A9] uonedNpPa pautene 1saybly | :Adesayy aaisuanadAynue pue uonedipaw Bulidmol-pidi| 40 -950dN|6 JO SN pue (1 3|geL 33s) SSEISIP JBINISBAOIPIED UMOUY
‘Bupjows ‘Auande [eaisAyd ‘uiungle Areunn ‘josasajoyd [e301 °LygH ‘uoisuanadAy ‘g ‘Bunsisnd ‘xas ‘sisoubelp 1e abe 1oy parsnipy , 'sdn0I6 UsaMIB SIBYIP UONBZILIOPURI JO 133)J3 U1 JOYIBYM S1S3], 159)
juel-60| e wouy anjeA “d, ‘sisuonndeld [esaush yum syusned Jo Huuaisnpd o) paasnipe 1591 Nx uosiead e :1s9} Nx 11035-0Y B WOl anjeA Qg ‘saonoeud ulyum syusned jo HuuLisn|d 4oy JUNOIOE O} ddUeLIeA dY)
J10J J01eWIISS YdIMpUES e Buisn paulwialap aie sanjea d pue s|D %56 Buipuodsaiiod ay| ‘dnoib aied suinos sem dnoib axusiayal ‘jopow uoissalbal piezey jeuoiodoid xo0D e wolj ‘(YH) oney plezeH ay|,

(¥'59)
120 (£1'1-080) £60 860 (611-580) 00'L [h40) 4 9¢S l€o (619 vle £9¢ £0S/80% Bunigeyod
(€¥8)
600 (€0'1—-890) ¥80 600 (€0'L—-890) ¥8°0 080 1’8 S/8 90 (978) s6l /91 9€7/861  duOle BuUIAI
Aijeniow
€0 9SNeX-||y
(602)
£000 (€60-590) 8£°0 €00 (86'0-0£70) €80 00 9 1474 Y00 (1'¥9) €£C e T4744%3 Buniqeyod
(092)
9€0 (S1'1-890) 88°0 910 (80'L-¥90) €80 [A40) L'C6 9101l wo (Tl (43 9/1/85L  2uole BuIAl
iodpus
paiefal
-s919qelp
Auy
90 SN1eIS [IAID
8¢/
91’0 (S0'L-6£0) 680 120 (90°'1-8£°0) 160 S00 1’89 899 00 (0'89) L6€E lce SLS/SEY uequn
(1'£9)
950 (¢r'1-€80) 80'L S50 (€¥'1-€80) 60'L 710 619 0tS 870 (el cll 801 €51/191 [einy
Ajeriow
Lco oSNed-||y
(S¥/)
10000 (680-090) L£0 £0000 (88°0-€90) S£°0 10000> v'/9 olLe 100 (6'59) 00€ €9¢ 974399 uequn
(9'89)
76
(paJn1dnis
/3uiNoJ)
sisoubelp
Ss9|genen
sa19qeIp
|eJoineyaq pue aled aled o
enead [eDIUID 10§ paisn(pe BulLIsN pue xas |euosiad aied |euosiad s Lo
uoloerIIU| ponjen d A|leuonippy Lonead  ‘abe ioj paisnlpy onjeAad  painpdnis  aunnoy (enjead  painpniag  aunnoy So;w_i
(s1eak SWODINO YUM &co:mq
(dnoub sdUSIRYaI=) 218D SUNNOI SNSISA -PaINIDNIIS 10) (YH) Ohel piezeH juaned o0 4ad S1USAS) ¥sU 21N|OSqY syuaned Jo (%) 'ON Jo 'ON

(panuiuo)) dnoib oiydelbowap-o100s 03 buipiodde ‘dn-moj|04 Jo SIieak 6| Buunp Aljenow

3SNed-||e pue SWODINO Paiejal-saiaqelp AUy g ajqel



Heltberg et al. BMC Endocrine Disorders (2017)17:75

Table 3 The effect of structured personal care on behavioral, clinical, process of care and biochemical variables according to socio-

demographic group

Page 8 of 11

Significance (p-value)® of the modification of the intervention effect by the various socio-

demographic variables

Educational Residence: Employment: Civil status:
level: Rural vs. Out of labor market vs. in labor Single vs.
Basic vs. higher  urban market cohabiting
Patient attitudes®
Altered habits after diagnosis 0.22 0.08 0.50 033
Not full diabetes diet 053 0.74 0.78 045
Performs home blood/urinary glucose monitoring 0.17 0.89 0.94 0.88
For the patient in question the GP's opmionb
Patient’s motivation; good or very good for best 034 0.07 0.19 0.80
possible
control and treatment over past year
Clinical
Body mass index 0.29 050 0.15 0.65
Systolic blood pressure 047 0.23 0.71 0.54
Biochemical
Hemoglobin Alc 048 0.31 091 097
Total cholesterol 0.05(}) 0.67 0383 0.79
Serum creatinine 042 0.05 () 0.69 0.22
Micro- or proteinuria® 0.81 0.55 047 092
Behavioral®
Sedentary (leisure time) physical activity 0.90 0.20 057 067
Current smoking 044 041 0.56 0.59
Process of care®
Consultations/year 0.93 0.26 0.86 0.53
Diabetes-related consultations/year 0.91 0.18 0.56 0.04 (1)
Ever treated at diabetic clinic 0.95 0.17 0.87 032
Glucose-lowering drugs® 0.26 0.96 0.60 033
Antihypertensive drugs® 033 0.18 0.55 098
Lipid-lowering drugs® 0.82 0.04 (]) 040 040

@P-value from a test whether the effect of the intervention differs between socio-demographic groups (e.g. patients with basic school only vs higher education),
adjusted for age, sex and diabetes duration. Clustering with general practice is accounted for by the use of generalized estimating equations. Arrows (|) indicate
the direction of the effect modification for cases where p < 0.05, e.g. the intervention lowered serum creatinine more in patients living in rural areas than in pa-

tients living in urban areas. ®Data from questionnaires to patients and their general practitioners. “Proteinuria > =15 mg/L

The presented benefit of structured personal care on
long-term endpoints, also for patients with low level of edu-
cation and patients on welfare benefits, cannot be ascribed
to single elements of complex interventions. Patients with
low level of education and income are frequently reported
to be inadequately controlled with hyperglycaemia, hyper-
tension, dyslipidaemia and unhealthy lifestyle [14, 15], and
some studies also suggest socio-demographic differences in
prescription rates [16, 20]. Our results are in line with earl-
ier studies, concerning socio-demographic differences of in-
tensive multifactorial interventions, which have been
shown not to worsen or introduce social inequity in the
control of T2DM [13, 21, 33]. Prior studies suggest that in-
terventions seem to be effective, also among patient with

low SES, in improving cardiovascular risk factors and
prescription of medicine, but it is more difficult to assist
patients in changing lifestyle and attitudes towards DM [13,
21, 33, 34]. As a high-risk group patients with low SES have
potentially more to win [9, 10], but they are also known to
have poor compliance especially regarding lifestyle and atti-
tudes towards DM [5, 14, 15]. The individualization of dia-
betes care in the DCGP trial with negotiation of treatment
goals, taking patient resources in consideration may explain
why this intervention seems to be effective across the
spectrum of SES.

Our results indicate that patients living in rural areas
may have less benefit of the intervention compared to
urban patients. An explanation for this finding could be
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because the uptake of the intervention was lower among
rural doctors and/or because the compliance with the
intervention among rural patients was low. We could
not see any systematic differences in the 6 year follow
up, on cardiovascular risk factors or behaviour between
urban and rural patients that could reconcile these find-
ing (Table 3). However, our data suggest that rural pa-
tients are less often treated with cholesterol-lowering
drugs as a result of the intervention, but few patients
were actually treated with this medication in the middle
of the 1990s. Other studies have reported that
cholesterol-lowering agents are less often prescribed in
deprived areas [34]. A previous Scandinavian study re-
ported no difference in mortality between urban and
rural patients [8], like our study, other studies have sug-
gested that people residing in more rural areas more
often have undiagnosed diabetes [35, 36]. This implies
that rural patients may be diagnosed at a later stage of
the disease, possibly with a higher risk of complications
and maybe less susceptible to treatment interventions
than patients living in urban areas, this have to be inves-
tigated further.

Strengths and weaknesses of the study

This study contributes to the knowledge on how SES
and urbanisation influence the uptake and effect of dia-
betes interventions and may offer some advantages in
comparison to prior studies. It is a strength of the
present study that it reports hard endpoints after 19 years
of follow up, but on the other hand a limitation that the
results are from an early cohort.

Furthermore, the results are likely to be generalizable
to the wider population of patients with T2DM because
the study was population-based, with no upper age limit,
but also because the study was conducted in general
practice where most T2DM patients are treated. Also,
the elements of the intervention, including the negoti-
ation of treatment goals between patient and doctor, re-
semble standard treatment procedures in current day
general practice diabetes care and recommendations [25,
26]. Finally, the study had a relative high number of GPs
participating and the patient attrition rate was low.

The most important limitation of this study is that it is
a post hoc analysis of a randomized controlled trial.
Since randomization did not take socio-demography into
account, this could have created imbalance between the
randomization groups in relation to socio-demography,
this does not seem to be the case. We although found a
minor difference in randomization regarding residence
that means one should be cautious when interpreting
these results. The fact that we could not describe any
substantial difference between rural and urban patients
at the 6 years clinical follow up — means that the de-
scribed potential difference in effect has to be
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investigated further. It is also a limitation that some ele-
ments of the intervention in the structured care arm
were later applied to the routine care arm through na-
tional diabetes guidelines. The intervention could there-
fore prove to be more efficient than reported.
Information on educational level, employment and
civil status were self-reported which might cause mis-
classification, but on the other hand, this information is
readily at hand for the physician. Furthermore, some of
the reported socio-demographic differences in mortality
and morbidity could be due to patients with low level of
education, outside the labour market or living alone
being diagnosed later in the natural history of diabetes
[9, 37] and therefore presenting with a more advanced
disease at diagnosis [13]. Also a higher prevalence of co-
morbidity among patients with low SES in general could
influence the result. We could however only find mo-
derate decline in the association between low soci-
oeconomic status and any diabetes-related endpoint
when adjusting for comorbidity and baseline cardiovas-
cular risk factors, which is in accordance with other
studies [1, 11]. Long-term outcomes were registry-based
and vital status was confirmed for all study participants.
Not all non-fatal outcomes have been tested for validity,
but this is generally considered to be acceptable [29, 30],
and differential misclassification according to treatment
allocation and socio-demography is not expected.

Conclusion

Structured personal diabetes care showed effect on the
aggregate outcome any diabetes-related endpoint, even
for the high-risk group of patients with low level of edu-
cation and patients out of the labour market. Thus,
structured personal care did not give rise to more health
inequality among patients with diabetes but rather a ten-
dency in the opposite direction. Patients living in rural
areas, however, seemed to have gained less from the
intervention compared to patients living in urban areas
this finding has to be investigated further. Still, socio-
economic inequity in mortality and morbidity existed
despite the intervention.

Additional files

Additional file 1: Definition of clinical outcomes in the 19-year registry-
based monitoring of the DCGP study, any diabetes related endpoint (list).
(DOCX 76 kb)

Additional file 2: Table S1. The effect of structured personal care on
behavioral, clinical, process of care and biochemical variables according
to level of education (DOCX 35 kb)

Additional file 3: Table S2. The effect of structured personal care on
behavioral, clinical, process of care and biochemical variables according
to civil status (DOCX 37 kb)

Additional file 4: Table S3. The effect of structured personal care on
behavioral, clinical, process of care and biochemical variables according



dx.doi.org/10.1186/s12902-017-0227-x
dx.doi.org/10.1186/s12902-017-0227-x
dx.doi.org/10.1186/s12902-017-0227-x
dx.doi.org/10.1186/s12902-017-0227-x

Heltberg et al. BMC Endocrine Disorders (2017) 17:75

to employment status (out of labor market vs. in labor market, retired
excluded) (DOCX 37 kb)

Additional file 5: Table S4. The effect of structured personal care on
behavioral, clinical, process of care and biochemical variables according
to residence (Rural vs. Urban) (DOCX 37 kb)

Abbreviations

BMI: Body Mass Index; Cl: Confidence interval; DCD: Danish register of Causes
of Death; DCGP: Diabetes in General Practice; DM: Diabetes mellitus;

DNPR: Danish National Patient Register; GP: General Practitioner;

HbA1c: Haemoglobin Alc; HR: Hazard Ratio; SES: Socio-economic status;
T2DM: Type 2 Diabetes Mellitus

Acknowledgements
Gratitude to all the participants and GP's of the DCGP-trial.

Funding

This project was supported by: Region Zealand Research Fund, Copenhagen
University Faculty of health sciences and University of Copenhagen 2016
Excellence program to LIFESTAT.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors contributions

AH developed the research question and wrote the protocol for this follow-up
study together with the other authors. NdFO was responsible for the original
study design, randomisation, intervention delivery and data collection. VS per-
formed the statistical analyses. All authors made substantial contributions to the
analysis and interpretation of data. HBH contributed with social theory. The
paper was written by AH, NdFO and VS and the other authors revised it critically
for important intellectual content. All authors, external and internal, had fulll
access to all of the data (including statistical reports and tables) in the study
and take responsibility for the integrity of the data and the accuracy of the data
analysis. All authors have approved the final version of the manuscript.

Ethics approval and consent to participate

All patients gave verbal informed consent to participate, following a
dialogue with their GP, where the patients could ask questions, to secure an
informed consent. The Ethics Committee of Copenhagen and Frederiksberg
(V.100.869/87) approved the study and this procedure for informed consent.
When the study started off in 1988 it was coutume to seek informed
consent orally.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Section of General Practice, Institute of Public Health, Faculty of Health
Sciences, University of Copenhagen, @ster Farimagsgade 5, Copenhagen,
Denmark. “The Research Unit for General Practice, Department of Public
Health, University of Copenhagen, Copenhagen, Denmark. *Department of
Production, Research, and Innovation, Sorg, Region Zealand, Denmark.
“Department of Laboratory Medicine, Boston Children’s Hospital Studly,
Boston, MA, USA. 5Department of Clinical Medicine, Faculty of Health and
Medical Sciences, University of Copenhagen, Copenhagen, Denmark.
Department of Social Medicine, University of Copenhagen, Copenhagen,
Denmark.

Page 10 of 11

Received: 25 July 2017 Accepted: 29 November 2017
Published online: 08 December 2017

References

1.

20.

Walker J, Halbesma N, Lone N, McAllister D, Weir CJ, Wild SH. Scottish
diabetes research network epidemiology G: socioeconomic status,
comorbidity and mortality in patients with type 2 diabetes mellitus in
Scotland 2004-2011: a cohort study. J Epidemiol Community Health. 2016,
Jun;70(6):596-601.

Poulsen K, Cleal B, Willaing I. Diabetes and work: 12-year national follow-up
study of the association of diabetes incidence with socioeconomic group,
age, gender and country of origin. Scandinavian journal of public health.
2014;42(8):728-33.

Dagenais GR, Gerstein HC, Zhang X, McQueen M, Lear S, Lopez-Jaramillo P,
Mohan V, Mony P, Gupta R, Kutty VR, et al. Variations in diabetes prevalence
in low-, middle-, and high-income countries: results from the prospective
urban and rural epidemiological study. Diabetes Care. 2016;39(5):780-7.
Green A, Sortso C, Jensen PB, Emneus M. Incidence, morbidity, mortality,
and prevalence of diabetes in Denmark, 2000-2011: results from the
diabetes impact study 2013. Clinical epidemiology. 2015;7:421-30.
Wilf-Miron R, Peled R, Yaari E, Shem-Tov O, Weinner VA, Porath A, Kokia E.
Disparities in diabetes care: role of the patient's socio-demographic
characteristics. BMC Public Health. 2010;10:729.

Booth GL, Bishara P, Lipscombe LL, Shah BR, Feig DS, Bhattacharyya O,
Bierman AS. Universal drug coverage and socioeconomic disparities in
major diabetes outcomes. Diabetes Care. 2012;35(11):2257-64.

Bachmann MO, Eachus J, Hopper CD, Davey Smith G, Propper C, Pearson
NJ, Williams S, Tallon D, Frankel S. Socio-economic inequalities in diabetes
complications, control, attitudes and health service use: a cross-sectional
study. Diabetic medicine : a journal of the British Diabetic Association. 2003;
20(11):921-9.

Forssas E, Manderbacka K, Arffman M, Keskimaki I. Socio-economic
predictors of mortality among diabetic people. Eur J Pub Health. 2012;
22(3):305-10.

Dray-Spira R, Gary-Webb TL, Brancati FL. Educational disparities in mortality
among adults with diabetes in the U.S. Diabetes Care. 2010;33(6):1200-5.
Sortso C, Lauridsen J, Emneus M, Green A, Jensen PB. Social inequality in
diabetes patients' morbidity patterns from diagnosis to death - a Danish
register-based investigation. Scandinavian journal of public health. 2017:
1403494817713648.

Saydah SH, Imperatore G, Beckles GL. Socioeconomic status and mortality:
contribution of health care access and psychological distress among U.S.
adults with diagnosed diabetes. Diabetes Care. 2013;36(1):49-55.
Sundquist K, Chaikiat A, Leon VR, Johansson SE, Sundquist J. Country of
birth, socioeconomic factors, and risk factor control in patients with type 2
diabetes: a Swedish study from 25 primary health-care centres. Diabetes
Metab Res Rev. 2011;27(3):244-54.

Baz L, Muller N, Beluchin E, Kloos C, Lehmann T, Wolf G, Muller UA.
Differences in the quality of diabetes care caused by social inequalities
disappear after treatment and education in a tertiary care centre. Diabetic
medicine: a journal of the British Diabetic Association. 2012;29(5):640-5.
Rabi DM, Edwards AL, Svenson LW, Sargious PM, Norton P, Larsen ET, Ghali
WA. Clinical and medication profiles stratified by household income in
patients referred for diabetes care. Cardiovasc Diabetol. 2007,6:11.

Heltberg A, Andersen JS, Kragstrup J, Siersma V, Sandholdt H, Ellervik C.
Social disparities in diabetes care: a general population study in Denmark.
Scand J Prim Health Care. 2017;35(1):54-63.

Ward PR, Noyce PR, St Leger AS. How equitable are GP practice prescribing
rates for statins?: an ecological study in four primary care trusts in north
West England. Int J Equity Health. 2007,6:2.

van Doorslaer E, Koolman X, Jones AM. Explaining income-related
inequalities in doctor utilisation in Europe. Health Econ. 2004;13(7):629-47.
Hansen LJ, Siersma V, Beck-Nielsen H, de Fine Olivarius N. Structured
personal care of type 2 diabetes: a 19 year follow-up of the study diabetes
Care in General Practice (DCGP). Diabetologia. 2013;56(6):1243-53.
Pedersen O, Gaede P. Intensified multifactorial intervention and
cardiovascular outcome in type 2 diabetes: the Steno-2 study. Metab Clin
Exp. 2003;52(8 Suppl 1):19-23.

Sortso C, Lauridsen J, Emneus M, Green A, Jensen PB. Socioeconomic
inequality of diabetes patients' health care utilization in Denmark. Heal Econ
Rev. 2017;7(1):21.


dx.doi.org/10.1186/s12902-017-0227-x

Heltberg et al. BMC Endocrine Disorders (2017) 17:75

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Dalsgaard EM, Vestergaard M, Skriver MV, Borch-Johnsen K, Lauritzen T,
Sandbaek A. Socioeconomic position and cardiovascular risk factors among
people with screen-detected type 2 DM: six-year follow-up of the
ADDITION-Denmark trial. Primary care diabetes. 2014;8(4):322-9.

Krag MO, Hasselbalch L, Siersma V, Nielsen AB, Reventlow S, Malterud K, de
Fine Olivarius N. The impact of gender on the long-term morbidity and
mortality of patients with type 2 diabetes receiving structured personal
care: a 13 year follow-up study. Diabetologia. 2015;

Larsen JR, Siersma VD, Davidsen AS, Waldorff FB, Reventlow S, de Fine
Olivarius N. The excess mortality of patients with diabetes and concurrent
psychiatric illness is markedly reduced by structured personal diabetes care:
a 19-year follow up of the randomized controlled study diabetes Care in
General Practice (DCGP). Gen Hosp Psychiatry. 2016;38:42-52.

Olivarius NF, Beck-Nielsen H, Andreasen AH, Horder M, Pedersen PA.
Randomised controlled trial of structured personal care of type 2 diabetes
mellitus. BMJ. 2001;323(7319):970-5.

NICE NIfHaCE: Type 2 diabetes in adults: management. 2015 updated 2017,
https.//www.nice.org.uk/guidance/ng28, Accesed 1 Nov 2017.

Danish Society of General Practice D: Clinical recomendation for GP. Type 2-
diabetes - et metabolisk syndrom 2012 [Type 2-diabetes - a metobolic
syndrome 2012]: http://vejledninger.dsam.dk/type2/ (accessed 12 Aug
2017).

Statistik D (ed.): Statistisk &rbog 1997 "Statistical Yearbook 1997", 101 edn:
Danmarks Statistik; 1997.

Pedersen CB. The Danish civil registration system. Scandinavian journal of
public health. 2011;39(7 Suppl):22-5.

Helweg-Larsen K. The Danish register of causes of death. Scandinavian
journal of public health. 2011;39(7 Suppl):26-9.

Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register.
Scandinavian journal of public health. 2011;39(7 Suppl):30-3.

Holman RR, Paul SK; Bethel MA, Matthews DR, Neil HA. 10-year follow-up of
intensive glucose control in type 2 diabetes. N Engl J Med. 2008;359(15):1577-89.
Dalsgaard EM, Vedsted P, Fenger-Gron M, Sandbaek A, Vestergaard M.
Socioeconomic position and contact to general practice among persons
with diabetes. Primary care diabetes. 2012;6(4):313-8.

O'Kane MJ, McMenamin M, Bunting BP, Moore A, Coates VE. The
relationship between socioeconomic deprivation and metabolic/
cardiovascular risk factors in a cohort of patients with type 2 diabetes
mellitus. Primary care diabetes. 2010;4(4):241-9.

Wild S, Macleod F, McKnight J, Watt G, Mackenzie C, Ford I, McConnachie A,
Lindsay RS. Impact of deprivation on cardiovascular risk factors in people
with diabetes: an observational study. Diabetic medicine : a journal of the
British Diabetic Association. 2008,;25(2):194-9.

Bergholdt HK, Bathum L, Kvetny J, Rasmussen DB, Moldow B, Hoeg T,
Jemec GB, Berner-Nielsen H, Nordestgaard BG, Ellervik C. Study design,
participation and characteristics of the Danish general suburban population
study. Danish medical journal. 2013;60(9):A4693.

Leahy S, OH AM, OL N, Healy M, McCormack M, Kenny RA, OC J. Prevalence
and correlates of diagnosed and undiagnosed type 2 diabetes mellitus and
pre-diabetes in older adults: findings from the Irish longitudinal study on
ageing (TILDA). Diabetes Res Clin Pract. 2015;110(3):241-9.

Heltberg A, Andersen JS, Sandholdt H, Siersma V, Kragstrup J, Ellervik C.
Predictors of undiagnosed prevalent type 2 diabetes - the Danish general
suburban population study. Primary care diabetes. 2017,

Page 11 of 11

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



https://www.nice.org.uk/guidance/ng28
http://vejledninger.dsam.dk/type2/

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Patients
	Intervention
	Assessments
	Clinical and registry based follow-up
	Statistical analysis

	Results
	Discussion
	Comparison with existing literature
	Strengths and weaknesses of the study

	Conclusion
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

