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Abstract

Background: Ethnic minority groups from Asia and Africa living in Western countries have a higher prevalence of
type 2 diabetes (T2DM) than the general population. We aimed to assess ethnic differences in diabetes care by
gender.

Methods: Population-based, cross-sectional study identified 10,161 individuals with T2DM cared for by 282 General
Practitioners (GP) in Norway. Ethnicity was based on country of birth. Multilevel regression models adjusted for
individual and GP factors were applied to evaluate ethnic differences by gender.

Results: Diabetes was diagnosed at a younger mean age in all other ethnic groups compared with Westerners
(men: 45.9–51.6 years vs. 56.4 years, women: 44.9–53.8 years vs. 59.1 years). Among Westerners mean age at
diagnosis was 2.7 years higher in women compared with men, while no gender difference in age at diagnosis was
found in any minority group. Daily smoking was most common among Eastern European, South Asian and Middle
East/North African men. In both genders, we found no ethnic differences in processes of care (GPs’ measurement of
HbA1c, blood pressure, LDL-cholesterol, creatinine). The proportion who achieved the HbA1c treatment target was
higher in Westerners (men: 62.3%; women: 66.1%), than in ethnic minorities (men 48.2%; women 53.5%). Compared
with Western men, the odds ratio (OR) for achieving the target was 0.45 (95% CI 0.27 to 0.73) in Eastern European;
0.67 (0.51 to 0.87) in South Asian and 0.62 (0.43 to 0.88) in Middle Eastern/North African men. Compared with
Western women, OR was 0.49 (0.28 to 0.87) in Eastern European and 0.64 (0.47 to 0.86) South Asian women.
Compared with Westerners, the blood pressure target was more often achieved in South Asians and Middle
Easterners/North Africans in both genders. Small ethnic differences in achieving the LDL-cholesterol treatment
target by gender were found.

Conclusion: Diabetes was diagnosed at a considerably earlier age in both minority men and minority women
compared with Westerners. Several minority groups had worse glycaemic control compared with Westerners in
both genders, which implies that it is necessary to improve glucose lowering treatment for the minority groups.
Smoking cessation advice should particularly be offered to men in most minority groups.
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Background
Ethnic groups originating from Asia and Africa living in
Western countries have a higher prevalence of type 2
diabetes (T2DM) than the general population [1] and
develop T2DM at a younger age [2–4], increasing the
risk of achieving complications relatively early in life [5].
The care of individuals with T2DM and the outcomes

are affected by a complex mix of individual factors such
as ethnicity, gender, language skills, socioeconomic pos-
ition, adherence to treatment, health care provider and
health care system factors [6, 7]. Ethnic disparities in the
care of T2DM have been reported from several countries
[4, 8–14]. A large observational study from the Swedish
National Diabetes Register showed that minorities of
non-Western origin had poorer glycaemic control and a
higher risk of developing albuminuria, despite early use
of glucose-lowering agents [11]. Another observational
study from The Scottish Care Information Diabetes re-
vealed that people with diabetes with Pakistani origin
had an increased risk of cardiovascular disease (CVD),
whereas those of Chinese origin had a lower risk com-
pared with Caucasians [4]. Similarly, minorities from
Asia and the Caribbean living in the UK were less likely
to achieve treatment targets for HbA1c, blood pressure
(BP) and total cholesterol compared with Caucasians,
even after the introduction of financial incentives to im-
prove care [15]. In our study from 2005, we found that
the age at the time of diagnosis was 8–15 years younger
in Eastern Asians, South Asians and Middle Easterners/
North Africans compared with Norwegians [2]. All mi-
nority groups had higher mean HbA1c compared with
Norwegians [2]. Current diabetes guidelines emphasise
that treatment and care should take into account indi-
vidual needs and preferences [6, 16].
Few studies address ethnic differences in the age at the

time of diagnosis and in the management of T2DM by
gender [3]. In the present study, we aimed to investigate
whether there were ethnic differences in age when dia-
betes was diagnosed, clinical risk factors, processes of
care, prescribed medication and achievement of treat-
ment targets in primary care in Norway. In addition, we
analyzed the effect of gender in the different ethnic
groups.

Methods
Design and setting of the study
We used data from a large population-based, cross-
sectional survey, the ROSA 4 study, assessing the quality
of diabetes care in general practice in Norway in 2014
[17]. In total, 106 practices with 367 general practi-
tioners (GPs) in three of four health regions in Norway
were invited. Of the invited practices, 77 practices with
282 GPs participated the study. Detailed information
about the methods is described elsewhere [7, 17]. The

ROSA 4 study was approved by the Regional Ethical
Committee.

Participants
In total, 11,428 individuals with a diabetes diagnosis were
identified from electronic health records (EHRs). We ex-
cluded individuals with other diabetes types than T2DM
(n = 1183), those from regions with less than 40 individ-
uals (Central and South America, South of Sahara Africa,
and Oceania) (n = 72), and those with unknown country
of birth (n = 12), leaving 10,161 individuals with T2DM to
be included in the study (See Additional file 1: Figure S1).

Data collection
Data were collected from January 2015 to April 2016. A
software program was used to identify all individuals
≥18 years with a diabetes diagnosis in 2012–2014, and to
capture pre-defined data such as results of the blood
tests, urine tests and prescriptions of medications from
the included GPs’ EHRs. Research nurses examined the
EHRs to verify the diabetes diagnosis. In addition they
collected clinically relevant data not captured by the
electronic software such as year of diagnosis, screening
procedures and complications [7, 17].

Variables
We extracted information from the EHRs about individ-
ual level characteristics (age, gender, diabetes duration);
processes of care (recorded measurements of HbA1c,
BP, LDL-cholesterol, creatinine, albuminuria, body
height, body weight, eye examination, foot examination
(foot pulse and/or sensation) and smoking habits; medi-
cation use (prescriptions of glucose lowering-, antihyper-
tensive- and lipid lowering- agents) and level of HbA1c,
BP and LDL-cholesterol. Further, information about cor-
onary heart diseases (CHD) (i.e. angina, myocardial in-
farction, percutaneous coronary intervention/coronary
artery bypass surgery) was extracted and coded as “yes”
or “no”. For the majority of variables, the most recently
recorded value from October 1st 2013 to December 31st
2014 was used, for eye examination July 1st 2012 to De-
cember 31st 2014, and for body height and smoking habits
if ever registered. Treatment targets were based on key
recommendations in the Norwegian 2009-guildelines:
HbA1c ≤53mmol/mol (7.0%); the intervention threshold
for BP was > 140/85mmHg with treatment target ≤135/
80mmHg while the intervention threshold for LDL-
cholesterol was > 3.5mmol/L with treatment target ≤1.8
mmol/L or 2.5 mmol/L for individuals with or without
known coronary heart diseases (CHD) respectively.
In order to investigate ethnic differences in the man-

agement of diabetes care, we linked information about
country of birth, educational level and number of years
resident in Norway, obtained from “Statistics Norway” to
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the EHR data. Ethnicity was based on country of birth
and classified as shown in, Additional file 1: Figure S1)
Westerners, 2) Eastern Europeans, 3) Eastern Asians, 4)
South Asians, 5) Middle Easterners and North Africans
(MENA) and 6) Eastern Africans. Education was cate-
gorised as: 1) pre-primary and primary education, 2) sec-
ondary education and 3) tertiary education [18].
A questionnaire sent to participating practices pro-

vided self-reported information about GP characteristics
such as age, gender, specialist status and number of
years working as GP in Norway.

Statistical analyses
We performed analyses stratified by ethnicity and com-
pared differences in clinical characteristics, processes of
care, medication use and achievement of treatment targets
between ethnic groups, and for all minority groups merged,
with Westerners as reference. Further, we performed cor-
responding ethnic comparisons stratified by gender. De-
scriptive statistics in the form of frequencies (proportions)
and means were used. The Chi-square tests were used to
compare ethnic differences in proportions of categorical
variables while One-Way ANOVA tests with post hoc tests
were used to compare ethnic differences in means of con-
tinuous variables with Westerners as reference.
Multilevel regression models were used to account for

individuals’ data that were nested within practices.
Multilevel binary logistic regression models were fitted
to the data on proportions while multilevel linear regres-
sion models were fitted to intermediate continuous out-
comes. All models were adjusted for individual level
characteristics (age, gender, diabetes duration and edu-
cation), GP level characteristics (gender, specialist status
and years working as GP in Norway) and county of resi-
dence. We also considered two-way interactions of eth-
nicity and gender with the outcome measures. However,
with the exception of regression models for body height,
body weight and smoking habits, the inclusion of these
interaction terms did not give better models, hence we
did not include the interaction terms. There were no dif-
ferences in missing data for HbA1c, blood pressure and
LDL-cholesterol across ethnicities and gender. There-
fore, we included cases with complete data in the regres-
sion analyses for mean HbA1c, BP and LDL-cholesterol
and achievement of treatment targets. Due to large dif-
ferences in the mean ages between the Westerners and
the other ethnic groups, we also performed a sensitivity
analysis for achievement of HbA1c target after having
excluded Westerners ≥76 years. When comparing esti-
mates from the minority groups and the reference
group, the difference was considered to be significant
if the 95% confidence intervals did not overlap. The
analyses were performed with SPSS Statistics 24 and
StataSE 15.

Results
Clinical characteristics
Of the 10,161 individuals with T2DM, 84% were
classified as Westerners and 16% as ethnic minor-
ities, with South Asians and Middle Easterners/North
Africans as the largest groups. Among the 8492
Westerners, 269 (3.2%) were born outside Norway.
All minority groups had significantly lower mean age
at the time of diagnosis compared with Westerners
(46.4–52.6 years vs. 57.6 years) (Table 1). Among
Westerners, the age at diagnosis was lower in men
than in women (56.4 years vs. 59.1 years), but no dif-
ferences in age at diagnosis between men and
women were found in the minority groups (Fig. 1).
Ethnic differences in BMI were observed, and

women of East Asians had the lowest, while Middle
Easterners/North Africans had the highest BMI
(Table 1). About 35% of men from Middle East/
North Africa and Eastern Europe were daily smokers,
compared with 22% in their Western counterparts.
Among women, the highest prevalence of daily
smokers was found in Eastern Europeans, while very
few South Asian and Eastern African women were
daily smokers (Table 1).

Processes of care
Ethnicity had little effect on the GPs performance of
the majority of the processes of care after adjustments
(Additional file 2: Table S1). Body height and body
weight were less often recorded in men in several minority
groups, whereas smoking habits were recorded less often
in women in most minority groups compared with their
Western counterparts. Performance of albuminuria and
foot examinations were low in all groups in both genders
(Table 2).

Medication use
The proportion of minority groups who received pre-
scriptions for glucose-lowering agents and who re-
ceived three or more glucose-lowering agents was
significantly higher than in Westerners (Table 3).
However, the proportion of minority groups who re-
ceived prescriptions for anti-hypertensive was signifi-
cantly lower than in Westerners. Only Eastern
Africans received prescriptions for lipid-lowering
agents less frequently than Westerners. When strati-
fied by gender, similar ethnic differences in prescrip-
tions were found (Additional file 3: Table S2).

HbA1c, systolic blood pressure and LDL cholesterol
All minority groups except Eastern Africans had
higher mean HbA1c levels, and most minority groups
had lower mean systolic BP (SBP) levels and diastolic
BP (DBP) levels than Westerners, while no ethnic
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differences were found for mean LDL-cholesterol
(Table 4). Most ethnic differences in HbA1c and
blood pressure were also present for both genders
(Additional file 4: Table S3).

Achievement of treatment targets
The treatment targets were achieved in the following
proportions of Westerners: HbA1c 64.0%, blood pres-
sure 48.1% and LDL-cholesterol 48.6%. Compared with
Westerners, three minority groups achieved the HbA1c
target less often (Eastern Europeans: OR 0.47 (0.33 to
0.69); South Asians: OR 0.65 (0.53 to 0.79); Middle East-
erners/North Africans: OR 0.64 (0.48 to 0.84). Similarly,
three minority groups achieved the blood pressure target
more often than Westerners (South Asians: OR 1.91
(1.56 to 2.35), Middle Easterners/North Africans: OR
1.56 (1.17 to 2.07); Eastern Africans: OR 1.78 (1.09 to
2.89). Only Eastern Africans were more likely to achieve
the LDL-cholesterol target compared with Westerners

Fig. 1 Age at diagnosis by ethnicity and gender. Mean age and 95%
CI. The One-Way ANOVA tests with post hoc tests were applied to
compare ethnic differences with Westerners as reference. * No
overlap in 95% CIs, indicating significant difference between
Westerners and the particular minority group

Table 2 Percentage of individuals with type 2 diabetes receiving specific processes of care by ethnicity and gender

Features recorded in
electronic health
records % (95% CI)

Ethnicity

Westerners Eastern Europeans Eastern Asians South Asians MENA a Eastern Africans

Men, n 4698 103 76 430 200 80

HbA1c 89.2 (87.4 to 91.0) 86.5 (78.8 to 94.2) 88.8 (81.5 to 96.1) 92.8 (89.9 to 95.7) 89.2 (84.4 to 94.0) 89.2 (82.1 to 96.4)

Blood pressure 89.0 (87.4 to 90.6) 82.3 (73.9 to 90.8) 90.2 (83.4 to 96.9) 91.6 (88.5 to 94.7) 87.6 (82.8 to 92.6) 84.3 (75.9 to 92.7)

LDL-cholesterol 68.7 (64.7 to 72.8) 71.6 (60.8 to 82.4) 72.8 (60.9 to 84.7) 73.1 (66.7 to 79.4) 73.7 (65.9 to 81.6) 66.4 (53.6 to 79.2)

Creatinine/ e-GFR 82.13 (80.6 to 85.6) 80.0 (71.0 to 89.0) 82.9 (74.4 to 91.8) 84.3 (79.8 to 88.9) 83.7 (78.0 to 89.5) 84.9 (76.9 to 93.0)

Albuminuria 23.4 (17.0 to 29.9) 25.0 (13.5 to 36.5) 25.4 (13.2 to 37.7) 17.6 (11.1 to 24.2) 22.4 (13.5 to 31.2) 25.0 (12.5 to 37.5)

Body height 75.8 (71.1 to 80.6) 64.8 (52.9 to 76.8) 67.8 (55.2 to 80.5) 62.3 (43.0 to 70.3)* 59.5 (48.8 to 68.3)* 51.9 (37.9 to 66.0)*

Body weight 58.1 (52.5 to 63.7) 42.7 (30.3 to 55.2) 48.1 (34.3 to 61.8) 43.9 (35.9 to 51.9)* 40.0 (30.4 to 49.5)* 43.8 (30.0 to 57.5)

Eye examination 60.7 (57.9 to 63.6) 61.8 (51.8 to 71.8) 62.1 (51.6 to 72.6) 62.4 (56.9 to 68.0) 56.4 (48.9 to 63.8) 67.0 (56.4 to 77.6)

Foot examinations 30.3 (26.6 to 34.0) 24.9 (15.0 to 34.9) 22.4 (11.4 to 33.4) 25.6 (19.3 to 31.8) 24.8 (17.1 to 32.4) 24.6 (13.3 to 35.9)

Smoking habits 85.8 (83.0 to 88.7) 83.0 (74.3 to 91.6) 88.0 (79.9 to 96.0) 81.0 (75.2 to 86.7) 85.5 (79.5 to 91.5) 61.4 (47.8 to 75.1)*

Women, n 3797 81 142 368 140 46

HbA1c 91.3 (90.1 to 92.5) 86.2 (77.3 to 95.2) 89.2 (83.2 to 95.2) 91.9 (88.0 to 95.7) 93.7 (88.3 to 99.2) 79.7 (63.7 to 95.5)

Blood pressure 88.7 (87.4 to 90.1) 90.7 (83.6 to 97.9) 89.6 (84.1 to 95.1) 87.1 (82.6 to 91.7) 91.6 (86.2 to 97.1) 85.2 (72.9 to 97.5)

LDL-cholesterol 70.0 (66.3 to 73.8) 59.5 (45.9 to 73.2) 66.7 (56.86 to 76.6) 65.2 (57.6 to 72.8) 62.8 (51.6 to 74.1) 51.7 (32.5 to 70.9)

Creatinine/ e-GFR 87.0 (85.0 to 89.1) 82.7 (73.1 to 92.3) 84.7 (78.1 to 91.3) 86.9 (82.2 to 91.6) 85.0 (77.6 to 92.4) 77.5 (62.5 to 92.4)

Albuminuria 23.6 (17.9 to 29.3) 19.7 (9.2 to 30.2) 23.1 (13.9 to 32.3) 23.7 (16.1 to 31.3) 19.3 (10.6 to 28.0) 19.9 (6.0 to 33.9)

Body height 72.6 (68.1 to 77.1) 76.9 (65.8 to 87.7) 69.7 (60.0 to 79.4) 63.9 (55.9 to 71.9) 66.8 (55.7 to 77.9) 68.3 (49.5 to 87.0)

Body weight 53.1 (47.4 to 58.7) 56.3 (42.7 to 69.9) 43.4 (32.7 to 54.0) 49.0 (40.7 to 57.3) 51.7 (40.2 to 63.2) 41.6 (23.7 to 59.5)

Eye examination 63.1 (64.0 to 66.0) 53.5 (41.5 to 65.4) 73.0 (65.4 to 80.7) 65.0 (59.1 to 70.9) 66.1 (57.5 to 74.8) 69.2 (54.7 to 83.7)

Foot examination 29.3 (25.3 to 33.3) 25.1 (13.0 to 37.1) 25.7 (16.5 to 34.9) 24.7 (17.8 to 31.5) 24.5 (14.5 to 43.5) 25.8 (9.3 to 42.3)

Smoking habits 82.7 (79.4 to 85.9) 83.5 (73.7 to 93.4) 66.5 (65.3 to 76.7)* 55.3 (46.9 to 63.7)* 46.4 (34.9 to 57.8)* 42.5 (23.8 to 61.1)*
a MENA: Middle Easterners/North Africans. Multilevel binary regression models with random effects at general practice level were used to compare the ethnic
differences with Westerners as reference, adjusted for individual level characteristics (age, diabetes duration and education), general practitioner level
characteristics (gender, specialist status and years working as general practitioner in Norway) and county of residence in Norway. * No overlap in 95% CIs,
indicating significant difference between Westerners and the particular minority group
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(OR: 2.08 (1.19 to 3.62). Ethnic differences in achievement
of the treatment targets by gender are shown in Fig. 2.

Discussion
Our study is one of few from Europe that provides de-
tailed information about the quality of primary care for
T2DM by gender among six different ethnic groups, in-
cluding groups that have rarely been included in previ-
ous studies. The early onset of T2DM in minority
groups was also influenced by gender. GPs performance
of most of processes of care was comparable between
ethnic groups in both genders. Glucose-lowering agents

were more often prescribed in minority groups than in
Westerners regardless of gender. However, the propor-
tion who reached treatment targets was substantially
lower among men born in Eastern Europe, South Asia,
Middle East/North Africa and among women born in
Eastern Europe and South Asia compared with their
Western counterparts. Of particular concern was that
daily smoking was more prevalent among Eastern Euro-
peans, and among men born in South Asia and Middle
East/North Africa.
T2DM was diagnosed at a considerably younger age in

all five minority groups, especially in women, which

Fig. 2 Achievement of treatment targets in individuals with type 2 diabetes by ethnicity and gender. Multilevel binary regression models with
random effects at general practice level were used to estimate the difference in the ethnic groups compared to Westerners as reference, adjusted
for individual level characteristics (age, diabetes duration and education), general practitioner level characteristics (gender, specialist status and
years working as general practitioner in Norway) and county of residence in Norway. a HbA1c target ≤53mmol/mol (7.0%). bBlood pressure
combined target: ≤ 135/80mmHg with anti-hypertensives or ≤ 140/85mmHg without antihypertensive. c LDL-cholesterol combined target: for
individuals with coronary heart disease LDL-chol ≤1.8 mmol/L, without coronary heart disease ≤2.5 mmol/L with lipid lowering medication or≤
3.5 mmol/L for individuals without lipid lowering medication. d Missing observations. The number of observations included in univariate/
multivariate analyses for HbA1c target were 9059/8300, respectively. The corresponding number of observations included in regression analyses
for blood pressure target were 8897/8178 and for LDL-cholesterol target 6866/6313
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underscores the increased susceptibility of T2DM in mi-
nority women compared to Westerners [19]. This is
worrisome as many are in reproductive age when they
are diagnosed. Known or undiagnosed diabetes and ges-
tational diabetes, not least in young minority women,
may adversely affect pregnancy outcomes for the women
and offspring [20]. The ethnic differences in age at onset
of T2DM was in accordance with our previous study
and studies from other countries [2–4, 11, 21].
Performance of the processes of care is considered to

be a quality indicator in diabetes care, as this implies as-
sessment of the risk of developing complications, and
may increase the awareness of GPs to intensify treat-
ment when indicated. The state-funded health care ser-
vice to all citizens implies an equal access to core
elements in the public primary health care for T2DM.
This may have contributed to the finding of the GPs
equal performance for the measurements of HbA1c, BP,
LDL-cholesterol, creatinine and albuminuria regardless
of ethnicity and gender. The observed ethnic variations
by gender in measurements of body height, body weight
and the recording of smoking habits may be related to
individual factors such as comorbidity, specific needs/
wishes for consultations and how the GPs prioritize the
time spent in the consultations [22].
A new finding in our study is that Eastern Europeans of

both genders emerge as the minority group with the high-
est HbA1c level after adjustments for education and des-
pite a time of residence in Norway that is comparable to
most other minority groups. Importantly, we found smaller
differences in mean HbA1c between Westerners and South
Asians, Middle Easterners/North Africans in 2014 than in
our previous study from 2005 [2] and in most other reports
[15, 21] despite the fact that Norwegian GPs are not incen-
tivized to meet treatment targets as in UK and some other
countries. More options for intensive treatment in minority
groups may have contributed to our observations as more
glucose-lowering agents have become available.
Despite the new finding of poor glycaemic control in

Eastern Europeans, South Asians still have a higher HbA1c
level compared with Westerners, possibly explained by a
poorer β-cell function and less ability to compensate ad-
equately for higher glucose levels from insulin resistance
[23]. Poor adherence to prescribed blood glucose lowering
medication and recommended life style modifications
might partly explain why GPs do not manage to achieve
treatment targets for glycaemic control [24, 25]. Difficulties
in cross-cultural communication between minorities and
GPs may also contribute to ethnic differences in self-care
management and glycaemic control [26, 27].
Although South Asians and Middle Easterners/North

Africans reach BP targets more frequently than Westerners,
in agreement with our previous study and reports from
Scotland and Sweden [2, 4, 11], GPs should bear in mind

that South Asians have a higher risk for CVD at a given BP
level compared with Westerners [1].
We found small differences between Westerners and

ethnic minorities in mean LDL-cholesterol levels,
achievement of LDL-cholesterol targets and the propor-
tion receiving prescriptions for lipid-lowering agents, in
accordance with reports from Scotland [4]. Long resi-
dent time in Norway among minorities may have en-
hanced their language skills and contribute to diminish
the previously observed ethnic differences in HbA1c
level as well as BP and LDL-cholesterol level.
We have also identified ethnic and gender differences

in smoking habits which is consistent with the World
Health Organization’s report about tobacco use globally
[28]. Daily smoking among Eastern Europeans, men
born in South Asia and Middle East/North Africa repre-
sents an additional risk for cardiovascular complications.

Strengths and weaknesses
This study has several strengths as it is a large population-
based study conducted in general practice with high par-
ticipation rates for GPs that included all individuals with
diabetes on the GP lists. The study population is consid-
ered to be representative for the population with T2DM
in Norway [7]. Through linkage with data from the gov-
ernmental based national data source “Statistics Norway”,
we have data about ethnicity and could adjust for educa-
tion. We were also able to collect information about other
possible confounders as several GP factors. Not least, the
manual verification of diabetes diagnosis and the electron-
ically extracted data by experienced research nurses con-
tributes to the internal validity of this study.
Our study has some limitations as we used cross-

sectional EHR data. Some inconsistency between ele-
ments of care that is documented (i.e. smoking habits,
and weight) and what was actually measured may be
present. Although the low number in most minority
groups limits the power, particularly for analyses by gen-
der, we found it important also to report these results,
as little is known about some of these groups and gender
differences. Our results were not adjusted for individual
socio-economic status beyond education. We do not
have data about how the GPs approached lifestyle man-
agement. Further, we lack information about diabetes
self-care including lifestyle and compliance to lifestyle
modification and prescribed medication. HbA1c is a
measure of average glycaemia and is influenced by sev-
eral factors, i.e. hemoglobin levels and possible ethnic
differences in glycation independent of blood glucose
levels as previously shown in South Asians [23, 29].

Implications
For GPs, our findings highlight the importance of timely
diagnosis of T2DM among ethnic minorities. Intensive
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glucose lowering treatment and improved performance
of screening procedures for microvascular complications
and recording of smoking habits should be prioritized to
reduce the risk for future cardiovascular complications.
Smoking cessation advice should be frequently offered
to most groups of ethnic minority men. Qualitative stud-
ies exploring the influences of individuals cultural- and
socioeconomic factors on glycaemic control would be of
great value to enhance the understanding about differ-
ences between the ethnic groups. Future research pro-
viding knowledge about the needs of minorities with
T2DM in self-care and the GPs challenges in providing
optimal diabetes care for minorities in order to develop
culturally adapted patient education and tailored educa-
tion of GPs would be necessary. Further, public health
strategies for preventing early onset of T2DM are war-
ranted among ethnic minorities, especially for women.

Conclusion
We have identified earlier onset of T2DM in all minority
groups compared with Westerners, in particular in mi-
nority women. We found no gender difference in the
age at diagnosis in all minority groups, in contrast to
Westerners. The quality of diabetes care in terms of pro-
cesses of care, was, with few exceptions, equally well per-
formed in all ethnic groups irrespective of gender.
Worse achievement of treatment targets for HbA1c in
Eastern Europeans, South Asians and men from the
Middle East/North Africa and highly prevalent daily
smoking among men in several minority groups repre-
sents present major concerns.
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cholesterol with 95% CI in individuals with type 2 diabetes by ethnicity
and gender.

Abbreviations
BMI: Body mass index; BP: Blood pressure; CHD: Coronary heart disease;
CVD: Cardiovascular disease; DBP: Diastolic blood pressure; EHR: Electronic
health record; GP: General practitioner; MENA: Middle Easterners/North
Africans; MODY: Maturity onset diabetes of the young; SBP: Systolic blood
pressure; T2DM: Type 2 diabetes

Acknowledgements
The authors wish to thank the GPs and the GP practices for participating in
the study and the research nurses who collected the data. In addition, we

wish to thank Extra Foundation Health and Rehabilitation and Norwegian
Women’s Public Health Association for their financial support.

Authors’ contributions
ATT conceptualized the present study, contributed to the application for
linking the cross-sectional EHR data file with data from Statistics Norway, in-
vited GPs and GP practices in Oslo/Akershus to participate the study, quality
checked, performed the statistical analyses, drafted, reviewed and edited the
manuscript. JGC, AKJ, TC conceived the study protocol, applied to the Re-
gional Ethics Committee, invited GPs and GP practices, contributed to the
discussion, and reviewed and edited the manuscript. SS, GT, TJB, BG con-
ceived the study protocol and analysis plan, invited GPs and GP practices,
contributed to the discussion, and reviewed and edited the manuscript. IM
supervised the statistical analyses, created the Fig. 1, reviewed and edited
manuscript. KN contributed to the discussion, reviewed and edited the
manuscript. ÅB participated in the data collection, quality-checked, contrib-
uted to the discussion, reviewed and edited the manuscript. All authors read
and approved the final manuscript.

Authors’ information
Anh T Tran, post doctor and specialist in General Practice/Family Medicine
with a special interest in immigrant’s health, women’s health, diabetes
epidemiology and the quality of diabetes care.
Tore J Berg, specialist in Internal Medicine and Endocrinology, Senior
Consultant, Ass. Professor, Dept. of Endocrinology, Morbid Obesity and
Preventive Medicine.
Bjørn Gjelsvik, Ass. Professor, specialist in General Practice/Family Medicine
and member of ROSA 4 Research Team.
Ibrahimu Mdala, researcher and is currently interested in the design and
analysis of cluster randomized trials.
Geir Thue, professor, GP and Consultant at the Norwegian Diabetes Registry
for Adults.
John G Cooper, clinical endocrinologist with a special interest in the quality
of diabetes care and medical advisor to the Norwegian Diabetes Registry for
Adults.
Kjersti Nøkleby, general practitioner and PhD-candidate.
Tor Claudi, worked as a GP for 25 years, specialist internal medicine, chief
physician with main scientific interest in diabetes epidemiology and the
quality of diabetes care.
Åsne Bakke, consultant endocrinologist and a PhD-candidate with a special
interest in the quality of diabetes care.
Sverre Sandberg, professor, specialist in laboratory medicine and director of
NOKLUS, a Norwegian organisation for quality improvement of laboratory
activity.
Anne K Jenum, professor and leader of a research group at the Oslo
Diabetes Research Centre.

Funding
Extra Foundation Health and Rehabilitation and Norwegian Women’s Public
Health Association support the postdoctoral fellowships of A.T.T. Extra
Foundation Health and the Endocriology Research Foundation, Stavanger
supports Å.B. The Norwegian Medical Association supports K.N. The data
collection of the ROSA 4 study was supported financially with grants from
the Norwegian Diabetes Association and AstraZeneca, Boehringer Ingelheim,
Eli Lilly, MSD, Novo Nordisk, Sanofi Aventis, the University of Oslo, Helse
Nord, the Endocrinology Research Foundation, Stavanger. The authors are
responsible for the contents of this article.

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

Ethics approval and consent to participate
The ROSA 4 study was approved by the Regional Ethical Committee which
had given permission to conduct the study without consent to participate.
The committee’s reference number was 2014/1374/REK vest.

Consent for publication
Not applicable.

Tran et al. BMC Health Services Research          (2019) 19:904 Page 10 of 11

https://doi.org/10.1186/s12913-019-4557-4
https://doi.org/10.1186/s12913-019-4557-4


Competing interests
The authors declare that they have no competing interests.

Author details
1Department of General Practice, Institute of Health and Society, University of
Oslo, Oslo, Norway. 2Institute of Clinical Medicine, Faculty of Medicine,
University of Oslo, Oslo, Norway. 3Department of Endocrinology, Morbid
Obesity and Preventive Medicine, Oslo University Hospital, Oslo, Norway.
4Norwegian Quality Improvement of Laboratory Examinations, Haraldsplass
Deaconess Hospital, Bergen, Norway. 5Department of Global Public Health
and Primary Care, University of Bergen, Bergen, Norway. 6Department of
Medicine, Stavanger University Hospital, Stavanger, Norway. 7Department of
Medicine, Nordland Hospital, Bodø, Norway. 8Department of Clinical
Biochemistry and Pharmacology, Haukeland University Hospital, Bergen,
Norway. 9General Practice Research Unit (AFE), Department of General
Practice, University of Oslo, Institute of Health and Society, Post Box 1130,
Blindern, 0318 Oslo, Norway.

Received: 31 May 2019 Accepted: 24 September 2019

References
1. Tran AT, Straand J, Diep LM, Meyer HE, Birkeland KI, Jenum AK.

Cardiovascular disease by diabetes status in five ethnic minority groups
compared to ethnic Norwegians. BMC Public Health. 2011;11(1):554.

2. Tran AT, Diep LM, Cooper JG, Claudi T, Straand J, Birkeland K, et al. Quality
of care for patients with type 2 diabetes in general practice according to
patients’ ethnic background: a cross-sectional study from Oslo, Norway.
BMC Health Serv Res. 2010;10:145.

3. Tenkorang EY. Early onset of type 2 diabetes among visible minority and
immigrant populations in Canada. Ethn Health. 2017;22(3):266–84.

4. Malik M, Govan L, Petrie J, Ghouri N, Leese G, Fischbacher C, et al. Ethnicity
and risk of cardiovascular disease (CVD): 4.8 year follow-up of patients with
type 2 diabetes living in Scotland. Clin Exp Diab Metab. 2015;58(4):716–25.

5. Al-Saeed AH, Constantino MI, Molyneaux L, D'Souza M, Limacher-Gisler F,
Luo C, et al. An inverse relationship between age of type 2 diabetes onset
and complication risk and mortality: the impact of youth-onset type 2
diabetes. Diabetes Care. 2016;39(5):823.

6. Health TNDo. The national guidelines for diabetes. [Nasjonal faglig
retningslinje for diabetes]. 2015 [updated 2018.09.12. Available from: https://
helsedirektoratet.no/retningslinjer/diabetes.

7. Tran AT, Bakke Å, Berg TJ, Gjelsvik B, Mdala I, Nøkleby K, et al. Are general
practitioners characteristics associated with the quality of type 2 diabetes
care in general practice? Results from the Norwegian ROSA4 study from
2014. Scand J Prim Health Care. 2018;36(2):170–9.

8. Rodríguez J, Campbell K. Racial and ethnic disparities in prevalence and
Care of Patients with Type 2 diabetes. Clin Diabetes. 2017;35(1):66.

9. Wang Y, Katzmarzyk PT, Horswell R, Zhao W, Li W, Johnson J, et al. Racial
disparities in cardiovascular risk factor control in an underinsured
population with type 2 diabetes. Diabet Med. 2014;31(10):1230–6.

10. Fosse-Edorh S, Fagot-Campagna A, Detournay B, Bihan H, Gautier A,
Dalichampt M, et al. Type 2 diabetes prevalence, health status and quality
of care among the north African immigrant population living in France.
Diabetes Metab. 2014;40(2):143–50.

11. Rawshani A, Svensson A-M, Rosengren A, Zethelius B, Eliasson B,
Gudbjörnsdottir S. Impact of ethnicity on progress of glycaemic control in
131 935 newly diagnosed patients with type 2 diabetes: a nationwide
observational study from the Swedish National Diabetes Register. BMJ
Open. 2015;5(6):e007599.

12. Hu R, Shi L, Liang H, Haile GP, Lee D-C. Racial/ethnic disparities in primary
care quality among type 2 diabetes patients, medical expenditure panel
survey, 2012. Prev Chronic Dis. 2016;13:E100.

13. Goonesekera SD, Yang MH, Hall SA, Fang SC, Piccolo RS, McKinlay JB. Racial
ethnic differences in type 2 diabetes treatment patterns and glycaemic
control in the Boston Area Community Health Survey. BMJ Open. 2015;5(5):
e007375.

14. Tran AT, Straand J, Dalen I, Birkeland KI, Claudi T, Cooper JG, et al.
Pharmacological primary and secondary cardiovascular prevention among
diabetic patients in a multiethnic general practice population: still room for
improvements. BMCHealth Serv Res. 2013;13(1):182.

15. Millett C, Gray J, Saxena S, Netuveli G, Khunti K, Majeed A. Ethnic disparities
in diabetes management and pay-for-performance in the UK: the
Wandsworth prospective diabetes study. PLoS Med. 2007;4(6):e191.

16. NICE. NICE guidelines NG28 2015 [updated 2017. Available from: https://
www.nice.org.uk/guidance/ng28/chapter/1-Recommendations.

17. Bakke Å, Cooper J, Thue G, Skeie S, Carlsen S, Dalen I, et al. Type 2 diabetes
in general practice in Norway 2005-2015: moderate improvements in risk
factor control, but still major gaps in complication screening. BMJ Open
Diabetes Res Care. 2017:11.

18. Van Der Heide I, Wang J, Droomers M, Spreeuwenberg P, Rademakers J,
Uiters E. The Relationship Between Health, Education, and Health Literacy:
Results From the Dutch Adult Literacy and Life Skills Survey. Journal of
health communication. 2013;18(Suppl 1):172-84.

19. Jenum AK, Diep LM, Holmboe-Ottesen G, Holme IM, Kumar BN, Birkeland KI.
Diabetes susceptibility in ethnic minority groups from Turkey, Vietnam, Sri
Lanka and Pakistan compared with Norwegians - the association with
adiposity is strongest for ethnic minority women. BMC Public Health. 2012;
12:150.

20. Balsells M, García-Patterson A, Gich I, Corcoy R. Major congenital
malformations in women with gestational diabetes mellitus: a systematic
review and meta-analysis. Diabetes Metab Res Rev. 2012;28(3):252–7.

21. Mukhopadhyay B, Forouhi NG, Fisher BM, Kesson CM, Sattar N. A
comparison of glycaemic and metabolic control over time among south
Asian and European patients with type 2 diabetes: results from follow-up in
a routine diabetes clinic. Diabet Med. 2006;23(1):94–8.

22. Brown JB, Harris SB, Webster-Bogaert S, Wetmore S, Faulds C, Stewart M.
The role of patient, physician and systemic factors in the management of
type 2 diabetes mellitus. Fam Pract. 2002;19(4):344–9.

23. Mostafa SA, Davies MJ, Webb DR, Srinivasan BT, Gray LJ, Khunti K.
Independent effect of ethnicity on glycemia in South Asians and white
Europeans. (BRIEF REPORT: Epidemiology/Health Services Research).
Diabetes Care. 2012;35(8):1746.

24. Kanaya AM, Herrington D, Vittinghoff E, Ewing SK, Liu K, Blaha MJ, et al.
Understanding the high prevalence of diabetes in U.S. south Asians
compared with four racial/ethnic groups: the MASALA and MESA studies.
Diabetes Care. 2014;37(6):1621.

25. Sattar N, Gill JMR. Type 2 diabetes in migrant south Asians:
mechanisms, mitigation, and management. Lancet Diabetes Endocrinol.
2015;3(12):1004–16.

26. Teunissen E, Gravenhorst K, Dowrick C, de Brun T, Burns N, Lionis C, et al.
Implementing guidelines and training initiatives to improve cross-cultural
communication in primary care consultations: a qualitative participatory
European study. Int J Equity Health. 2017;16:32.

27. Gazmararian JA, Ziemer DC, Barnes C. Perception of barriers to self-care
management among diabetic patients. Diabetes Educ. 2009;35(5):778–88.

28. WHO. Tobacco 2018 [2018.06.05]. Available from: http://www.euro.who.int/
en/health-topics/disease-prevention/tobacco/data-and-statistics.

29. Herman WH, Cohen RM. Racial and ethnic differences in the relationship
between HbA1c and blood glucose: implications for the diagnosis of
diabetes. J Clin Endocrinol Metab. 2012;97(4):1067–72.

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

Tran et al. BMC Health Services Research          (2019) 19:904 Page 11 of 11

https://helsedirektoratet.no/retningslinjer/diabetes
https://helsedirektoratet.no/retningslinjer/diabetes
https://www.nice.org.uk/guidance/ng28/chapter/1-Recommendations
https://www.nice.org.uk/guidance/ng28/chapter/1-Recommendations
http://www.euro.who.int/en/health-topics/disease-prevention/tobacco/data-and-statistics
http://www.euro.who.int/en/health-topics/disease-prevention/tobacco/data-and-statistics

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Design and setting of the study
	Participants
	Data collection
	Variables
	Statistical analyses

	Results
	Clinical characteristics
	Processes of care
	Medication use
	HbA1c, systolic blood pressure and LDL cholesterol
	Achievement of treatment targets

	Discussion
	Strengths and weaknesses
	Implications

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

