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Association Between Socioeconomic Status and Mortality,
Cardiovascular Disease, and Cancer in Patients
With Type 2 Diabetes
Araz Rawshani, MD, PhD; Ann-Marie Svensson, PhD; Björn Zethelius, MD, PhD; Björn Eliasson, MD, PhD;
Annika Rosengren, MD, PhD; Soffia Gudbjörnsdottir, MD, PhD

IMPORTANCE The association between socioeconomic status and survival based on all-cause,
cardiovascular (CV), diabetes-related, and cancer mortality in type 2 diabetes has not been
examined in a setting of persons with equitable access to health care with adjustment for
important confounders.

OBJECTIVE To determine whether income, educational level, marital status, and country of
birth are independently associated with all-cause, CV, diabetes-related, and cancer mortality
in persons with type 2 diabetes.

DESIGN, SETTING, AND PARTICIPANTS A study including all 217 364 individuals younger than
70 years with type 2 diabetes in the Sweden National Diabetes Register (January 1, 2003, to
December 31, 2010) who were monitored through December 31, 2012, was conducted. A Cox
proportional hazards regression model with up to 17 covariates was used for analysis.

MAIN OUTCOMES AND MEASURES All-cause, CV, diabetes-related, and cancer mortality.

RESULTS Of the 217 364 persons included in the study, mean (SD) age was 58.3 (9.3) years
and 130 839 of the population (60.2%) was male. There were a total of 19 105 all-cause
deaths with 11 423 (59.8%), 6984 (36.6%), and 6438 (33.7%) CV, diabetes-related, or cancer
deaths, respectively. Compared with being single, hazard ratios (HRs) for married individuals,
determined using fully adjusted models, for all-cause, CV, and diabetes-related mortality were
0.73 (95% CI, 0.70-0.77), 0.67 (95% CI, 0.63-0.71), and 0.62 (95% CI, 0.57-0.67),
respectively. Marital status was not associated with overall cancer mortality, but married men
had a 33% lower risk of prostate cancer mortality compared with single men, with an HR of
0.67 (95% CI, 0.50-0.90). Comparison of HRs for the lowest vs highest income quintiles for
all-cause, CV, diabetes-related, and cancer mortality were 1.71 (95% CI, 1.60-1.83), 1.87 (95%
CI, 1.72-2.05), 1.80 (95% CI, 1.61-2.01), and 1.28 (95% CI, 1.14-1.44), respectively. Compared
with native Swedes, HRs for all-cause, CV, diabetes-related, and cancer mortality for
non-Western immigrants were 0.55 (95% CI, 0.48-0.63), 0.46 (95% CI, 0.38-0.56), 0.38
(95% CI, 0.29-0.49), and 0.72 (95% CI, 0.58-0.88), respectively, and these HRs were
virtually unaffected by covariate adjustment. Hazard ratios for those with a college/university
degree compared with 9 years or less of education were 0.85 (95% CI, 0.80-0.90), 0.84
(95% CI, 0.78-0.91), and 0.84 (95% CI, 0.76-0.93) for all-cause, CV, and cancer mortality,
respectively.

CONCLUSIONS AND RELEVANCE Independent of risk factors, access to health care, and use of
health care, socioeconomic status is a powerful predictor of all-cause and CV mortality but
was not as strong as a predictor of death from cancer.
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S ocioeconomic status is a fundamental element of pub-
lic and individual health,1 indicating an individual’s re-
sources and ability to thrive and survive. Socioeco-

nomic measures commonly include race/ethnicity, income,
educational level, and occupation. Other featured compo-
nents are sex and marital status.

Socioeconomic status is generally inversely associated with
the risk of cardiovascular (CV) disease and death2-5 as well as
the risk of developing type 2 diabetes (referred to as diabetes
for the study outcomes).6-8 Studies have demonstrated that
mortality rates among individuals with diabetes vary accord-
ing to neighborhood9,10 as well as individual income and edu-
cational level.11-13

However, access to medical care, varying risk factors,
and comorbidities may contribute to socioeconomic differ-
ences in outcome. Sweden provides a setting in which
socioeconomic status has a minimal influence on access
to and use of health care services and comprehensive
individual-level data on risk factors, as well as clinical and
socioeconomic variables, in individuals with diabetes.
Given these prerequisites, the present nationwide study
aimed at examining how socioeconomic status relates to the
adjusted risk of all-cause, CV, diabetes-related, and cancer
mortality in diabetes.

Methods
The National Diabetes Register (NDR) in Sweden was launched
in 1996 as a tool for quality control of care for persons with dia-
betes. Nurses and physicians in primary health care centers and
hospital outpatient clinics report information on these pa-
tients. Reporting, which is carried out online or by direct data
transmission from electronic medical records to the NDR, is
done at least once a year and includes information on clinical
characteristics. The NDR currently includes the vast majority
of all Swedish individuals with diabetes.14,15

The present study was approved by the ethics committee
of the University of Gothenburg. All individuals provided ver-
bal informed consent before being included in the NDR, and
data were deidentified.

Study Cohort
We included 217 364 individuals younger than 70 years with
diabetes who had at least 1 entry in the NDR between January
1, 2003, and December 31, 2010. We excluded individuals 70
years or older because income drops steeply after retirement,
whereas educational level is unchanged. Without this age limit,
a large proportion of the events would occur among the el-
derly, which would influence estimated hazard ratios (HRs).
We intended to study a homogeneous cohort in terms of the
association between socioeconomic status and mortality and
therefore restricted the cohort to individuals of working age;
the youngest age in our cohort was 18 years.

Type 2 diabetes was defined on the basis of epidemio-
logic data: participants were receiving treatment with diet with
or without the use of oral hypoglycemic agents or treatment
with insulin with or without the use of oral hypoglycemic

agents. The latter category applied only to participants 40 years
or older at diagnosis of diabetes.

Socioeconomic Data
Data on individual income in Swedish kronor (1 US dollar equals
8 Swedish kronor), highest educational level, country of birth,
marital status, and occupation were obtained from the Lon-
gitudinal Integration Database for Health Insurance and
Labour Market Studies (http://www.scb.se/en_/Services
/Guidance-for-researchers-and-universities/SCB-Data
/Longitudinal-integration-database-for-health-insurance
-and-labour-market-studies-LISA-by-Swedish-acronym/#).
Education was stratified into lower (≤9 years, with 9 years
being the length of compulsory education in Sweden),
intermediate (10-12 years, upper secondary), and higher
(college/university). Income was stratified into quintiles.
Country of birth was categorized into the following groups:
Sweden, high-income Europe, low-income Europe, non-
Western, and Nordic. Marital categories were single (never
married or had a registered partner), married or had a registered
partner, divorced, or widowed.

Clinical Data
Microalbuminuria was defined as 2 positive tests from 3
samples taken within 1 year, with an albumin to creatinine ra-
tio of 3 to 30 mg/mmol or urinary albumin level of 20 to 200
μg/min or 20 to 300 mg/L. Macroalbuminuria was defined as
an albumin to creatinine ratio greater than 30 mg/mmol or uri-
nary albumin level greater than 200 μg/min or greater than 300
mg/L. Estimated glomerular filtration rate was estimated with
the Modified Diet in Renal Disease equation.16,17 Systolic blood
pressure was the mean value of 2 supine readings after at least
5 minutes of rest with a cuff of appropriate size. Diabetes treat-
ment categories were diet and lifestyle modification, oral hy-
poglycemic agents, insulin only, or insulin with oral hypogly-
cemic agents. Use of statins, antihypertensives, and aspirin was
dichotomized. Smoking was coded as positive if the indi-
vidual was a current smoker.

Comorbidities, Events, and Vital Status
Data on comorbidities and events were collected at baseline
and during follow-up by linking the NDR to the Inpatient Reg-
ister and the Cause of Death Register, both of which are main-

Key Points
Question How important is socioeconomic status in type 2
diabetes?

Findings In this nationwide study in Sweden, low socioeconomic
status was associated with almost a 2-fold risk of all-cause,
cardiovascular, and diabetes-related mortality but was not as
strong as a predictor of death from cancer. Controlling for
well-recognized risk factors did not eliminate the disparities;
however, non-Western immigrants displayed a substantially lower
risk of most outcomes.

Meaning Socioeconomic disparities in survival in type 2 diabetes
are pronounced and may not be eliminated by conventional risk
factor control.
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tained by the National Board of Health and Welfare. The In-
patient Register includes mandatory information on all
principal and secondary hospital discharge diagnoses and has
had near-complete coverage since 1987. Codes from the Inter-
national Classification of Diseases are used to classify diagno-
ses in the Inpatient Register, which has been validated.18

The following International Classification of Diseases, Ninth
Revision (ICD-9) and International Statistical Classification of
Diseases, Tenth Revision (ICD-10) codes were collected: coro-
nary heart disease, 410-414 (ICD-9) and I20-I25 (ICD-10); acute
myocardial infarction, 410 (ICD-9) and I21 (ICD-10); stroke, 431-
434, 436 (ICD-9), and I61-I64 (ICD-10); hospitalization for heart
failure, 428 (ICD-9) and I50 (ICD-10); and atrial fibrillation, 427D
(ICD-9) and I48 (ICD-10). For renal dialysis and transplant, the
following codes were used: V42A, V45B, V56A, and V56W
(ICD-9) and Z94.0, Z49, and Z99.2 (ICD-10). Stage 5 chronic kid-
ney disease was defined as the need for renal dialysis or renal
transplant or estimated glomerular filtration rate less than
15 mL/min/1.73 kg.

The outcomes assessed were all-cause, CV (ICD-10
codes I00-I99), and cancer mortality (ICD-10 codes C00-
C97). Post hoc assessment included diabetes-related death
(ICD-10 codes E10-E14) and the following cancers: prostate
(ICD-10 code C61); breast (ICD-10 code C50); lung and tra-
cheal (ICD-10 codes C33-C34); gastrointestinal (ICD-10 codes
C15-C21); liver, pancreas, gall bladder, and biliary tract
(ICD-10 codes C22-C26); and kidney and urinary system
(ICD-10 codes C64-C68).

All individuals were monitored from baseline until an event
or death through December 31, 2012. Median follow-up was
5.6 years.

Statistical Analysis
Crude mortality rates are described as events per 1000 person-
years. A multivariable Cox proportional hazards regression
model was used to perform survival analyses. We computed
3 sequentially adjusted models for each outcome. Model 1 was
identical for all outcomes and included age, sex, duration of
diabetes, marital status, income, educational level, and coun-
try of birth. Covariate adjustment in the remaining models dif-
fered slightly to suit the outcome.

For all-cause mortality, model 2 was additionally
adjusted for smoking, hemoglobin A1c, estimated glomeru-
lar filtration rate, diabetes treatment, and body mass index.
Model 3 was also adjusted for albuminuria, heart failure,
myocardial infarction, stroke, stage 5 chronic kidney dis-
ease, and cancer at baseline. Adjustments to models 2 and 3
for CV mortality were identical to all-cause mortality except
that previous cancer was not included. Adjustments to
models 2 and 3 for cancer mortality were identical to all-
cause mortality.

For diabetes-related death, we computed one model
that included the same covariates as model 3 for CV mortal-
ity. Similarly, for specific cancers, only one model was used,
and it was adjusted for the same covariates as model 3 for
overall cancer mortality. Competing risks were not taken
into consideration since we were interested in estimating
only cause-specific hazards.

Results

Baseline Clinical Characteristics
Characteristics of the population are presented in Table 1 and
eTables 1 to 4 in the Supplement. Of the 217 364 persons in-
cluded in the study, the mean (SD) age was 58.3 (9.3) years and
130 839 of the population (60.2%) was male. Individuals who
were married were older, had higher educational levels, were
more frequently born outside of Sweden, and had more coex-
isting conditions compared with those who were single. Indi-
viduals in quintile 5 (highest income) had more favorable char-
acteristics than those in quintile 1 (lowest income). Individuals
from non-Western countries (1699 [9.7%] originated from Latin
America and the Caribbean; 2902 [16.5%] from East or South
Asia; 10 506 [59.7%] from the Middle East or North Africa; and
2482 [14.1%] from Sub-Saharan Africa) were younger than na-
tive Swedes (mean [SD], 52.1 [9.8] vs 58.8 [9.2] years). Non-
Western immigrants were approximately 6 years younger at
diagnosis of diabetes and had lower income, higher educa-
tional levels, and a higher prevalence of albuminuria. As pre-
sented in eTable 5 in the Supplement, there were no notewor-
thy differences regarding the number of entries in the register
per year regarding socioeconomic categories.

Unadjusted Mortality Rates
There were a total of 19 105 all-cause deaths with 11 423
(59.8%), 6984 (36.6%), and 6438 (33.7%) CV, diabetes-
related, or cancer deaths, respectively. Unadjusted mortality
rates are presented in Table 2. Mortality increased gradually
with declining income. In quintile 5, there were 8.92 deaths
per 1000 person-years (highest income) compared with
18.33 deaths per 1000 person-years in quintile 1 (lowest
income) with comparable age distribution. The age of indi-
viduals with 10 to 12 years of education was comparable to
the age of those with a college/university degree. The latter
category had lower rates for all outcomes. Persons from
high-income Europe, low-income Europe, Sweden, and Nor-
dic countries were of similar ages. Individuals from Nordic
countries had higher incidence rates for all outcomes. The
mean ages of married and divorced individuals were nearly
the same (59.3 vs 59.2 years). The mortality rate was 13.00
deaths per 1000 person-years among married individuals
compared with 18.82 deaths per 1000 person-years among
those who were divorced.

Adjusted HRs for All-Cause Mortality
Figure 1 presents the HRs (95% CIs) for all-cause mortality.
Being single was the reference group for marital status. The
HR for individuals who were married was 0.73 (95% CI, 0.70-
0.77) in model 3, which was similar to the estimates in mod-
els 1 (HR, 0.70 [95% CI, 0.67-0.73]) and 2 (HR, 0.71 [95% CI,
0.67-0.74]). Being widowed was associated with a slightly el-
evated risk in model 1 (HR, 1.08 [95% CI, 1.02-1.16]), but the
statistical significance was eliminated in models 2 (HR, 1.02
[95% CI, 0.95-1.10]) and 3 (HR, 1.05 [95% CI, 0.97-1.14]). The
HR in model 3 for individuals who were divorced was 0.94 (95%
CI, 0.88-0.99). Those with the highest income (quintile 5)
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Table 1. Baseline Characteristics of the Cohort, According to Socioeconomic Statusa

Characteristic

Marital Status Income Quintile Educational Level Immigrant Status

Married Single
Quintile 5
(Highest)

Quintile 1
(Lowest)

College/
University ≤9 y

Swedish
Born

Low-Income
Europe Non-Western

No. 121 553 43 462 48 247 41 679 39 215 75 814 174 328 6999 17 589

Male sex, No. (%) 73 839 (60.7) 29 895
(68.8)

38 891
(80.6)

17 142
(41.1)

24 322
(62.0)

45 745
(60.3)

106 186
(60.9)

3839
(54.9)

10 284
(58.5)

Age, mean (SD), y 59.3 (8.3) 52.7
(11.4)

57.3
(8.1)

59.0
(10.7)

57.2
(9.2)

60.4
(8.6)

58.8
(9.2)

56.4
(9.1)

52.1
(9.8)

Age at diagnosis,
mean (SD), y

53.7 (9.7) 47.6
(12.6)

52.4
(9.6)

52.9
(11.5)

51.9
(10.9)

54.3
(9.8)

53.1
(10.7)

51.6
(9.3)

47.4
(9.7)

Income quintile, No. (%)

1 26 283 (21.6) 7586
(17.5)

NA NA 4316
(11.0)

19 418
(25.6)

27 978
(16.1)

2616
(37.5)

6531
(37.5)

2 17 573 (14.5) 8704
(20.0)

NA NA 3658
(9.3)

17 306
(22.8)

30 076
(17.3)

1440
(20.6)

3307
(19.0)

3 22 250 (18.3) 8639
(19.9)

NA NA 5623
(14.3)

15 114
(19.9)

33 596
(19.3)

1314
(18.8)

3078
(17.7)

4 25 350 (20.9) 10 355
(23.8)

NA NA 8783
(22.4)

13 869
(18.3)

39 104
(22.4)

1046
(15.0)

2719
(15.6)

5 30 097 (24.8) 8178
(18.8)

NA NA 16 835
(42.9)

10 107
(13.3)

42 923
(24.6)

559
(8.0)

1790
(10.3)

Educational level, No. (%), y

≤9 42 011 (35.1) 14 872
(34.6)

10 107
(21.0)

19 418
(49.0)

NA NA 60 516
(34.9)

2534
(40.0)

6146
(38.3)

10-12 53 759 (44.9) 21 091
(49.0)

21 175
(44.0)

15 930
(40.2)

NA NA 81 851
(47.3)

2776
(43.8)

5588
(34.9)

College/university 23 955 (20.0) 7059
(16.4)

16 835
(35.0)

4316
(10.9)

NA NA 30 858
(17.8)

1029
(16.2)

4296
(26.8)

Marital status, No. (%)

Single NA NA 8178
(17.0)

7586
(18.2)

7059
(18.0)

14 872
(19.6)

38 939
(22.4)

381
(5.5)

1383
(7.9)

Divorced NA NA 7652
(15.9)

5988
(14.4)

6866
(17.5)

13 726
(18.1)

30 848
(17.8)

1284
(18.4)

3525
(20.2)

Married NA NA 30 097
(62.4)

26 283
(63.1)

23 955
(61.1)

42 011
(55.4)

95 073
(54.7)

4839
(69.4)

11 776
(67.6)

Widowed NA NA 2320
(4.8)

1822
(4.4)

1335
(3.4)

5205
(6.9)

8817
(5.1)

471
(6.8)

741
(4.3)

Risk factors, No. (%)

Foreign born 26 480 (21.8) 4523
(10.4)

5324
(11.0)

13 701
(32.9)

8357
(21.3)

15 298
(20.2)

NA NA NA

HbA1c, mean
(SD), %

7.1 (1.3) 7.3
(1.5)

7.1
(1.3)

7.3
(1.5)

7.1
(1.4)

7.3
(1.4)

7.2
(1.4)

7.4
(1.5)

7.4
(1.6)

eGFR, mean
(SD),
mL/min/1.73 kg

84.37 (23.44) 90.12
(26.31)

86.60
(22.64)

84.35
(26.75)

85.55
(23.45)

84.07
(25.31)

84.02
(23.61)

89.72
(24.73)

100.47
(29.73)

Systolic BP,
mean (SD),
mm Hg

137.88 (16.96) 135.73
(17.41)

136.77
(16.05)

138.43
(18.26)

135.68
(16.63)

139.02
(17.52)

138.03
(17.00)

136.63
(18.10)

130.08
(16.67)

Total cholesterol
to HDL-C ratio,
mean (SD)

4.22 (1.38) 4.46
(1.55)

4.28
(1.42)

4.27
(1.45)

4.18
(1.41)

4.27
(1.41)

4.25
(1.42)

4.70
(1.61)

4.51
(1.40)

BMI, mean (SD) 30.06 (5.21) 31.07
(6.29)

29.72
(4.93)

30.74
(5.95)

29.54
(5.33)

30.45
(5.44)

30.30
(5.55)

31.19
(5.34)

29.60
(5.25)

Smoking,
No. (%)

16 802 (16.3) 8741
(23.8)

6001
(14.9)

7667
(21.8)

4548
(14.0)

14 260
(21.8)

29 011
(19.3)

1505
(26.7)

2939
(22.3)

Albuminuria,
No. (%)

None 67 863 (79.4) 23 313
(77.7)

26 906
(80.6)

22 298
(77.6)

22 067
(81.7)

41 300
(76.5)

97 863
(78.7)

3257
(77.3)

8067
(76.6)

Microalbuminuria 12 222 (14.3) 4523
(15.1)

4600
(13.8)

4327
(15.1)

3508
(13.0)

8688
(16.1)

18 115
(14.6)

646
(15.3)

1770
(16.8)

Macroalbuminuria 5377 (6.3) 2158
(7.2)

1870
(5.6)

2101
(7.3)

1441
(5.3)

3997
(7.4)

8314
(6.7)

310
(7.4)

688
(6.5)

(continued)
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served as the reference group for income. The HR for death in-
creased gradually with declining income. In the fully
adjusted model (model 3), the HRs for individuals in quin-
tiles 1 and 2 were 1.71 (95% CI, 1.60-1.83) and 1.68 (95% CI, 1.58-
1.80), respectively.

The effect of education was robust against covariate
adjustment. Compared with having 9 years or less of
education, HRs for individuals with 10 to 12 years of educa-
tion and those with a college/university degree were
0.90 (95% CI, 0.86-0.93) and 0.85 (95% CI, 0.80-0.90),
respectively (model 3). Similarly, the association between
country of birth and death withstood covariate adjustment.
In model 3, HRs for individuals born in low-income
European or non-Western countries were 0.72 (95% CI,
0.62-0.83) and 0.55 (95% CI, 0.48-0.63), respectively.

Adjusted HRs for CV Death
For CV death, we noted the same associations as for all-
cause mortality, but the differences were slightly more pro-
nounced. The HR for married individuals compared with
those who were single, determined using the fully adjusted
model, was 0.67 (95% CI, 0.63-0.71). Individuals in the 2

lowest income quintiles had an almost 90% elevated risk of
CV death compared with those in the highest income quin-
tile. The HR for the lowest vs highest income quintile was
1.87 (95% CI, 1.72-2.05) and for the second lowest vs highest
income quintile was 1.87 (95% CI, 1.72-2.03). Hazard ratios
for persons with a college/university degree compared
with those having 9 years or less education was 0.84 (95%
CI, 0.78-0.91). The HR for non-Western immigrants com-
pared with native Swedes was 0.46 (95% CI, 0.38-0.56)
(Figure 2).

Adjusted HRs for Diabetes-Related Death
Hazard ratios for diabetes-related death in the fully adjusted
model are presented in eFigure 1 in the Supplement. We
noted associations similar to those of all-cause mortality.
Using the same reference groups for all-cause mortality, we
found that individuals who were married displayed an HR
of 0.62 (95% CI, 0.57-0.67). Being in the lowest income
quintile yielded an HR of 1.80 (95% CI, 1.61-2.01). Non-
Western immigrants displayed an HR of 0.38 (95% CI, 0.29-
0.49), which was the lowest observed in the present
study.

Table 1. Baseline Characteristics of the Cohort, According to Socioeconomic Statusa (continued)

Characteristic

Marital Status Income Quintile Educational Level Immigrant Status

Married Single
Quintile 5
(Highest)

Quintile 1
(Lowest)

College/
University ≤9 y

Swedish
Born

Low-Income
Europe Non-Western

Diabetes treatment, No. (%)

Diet, lifestyle 38 528 (32.2) 12 908
(30.2)

15 658
(33.0)

11 636
(28.3)

12 695
(33.0)

22 221
(29.7)

54 414
(31.7)

1959
(28.5)

4877
(28.2)

OHA 50 389 (42.1) 18 095
(42.4)

20 507
(43.3)

17 508
(42.6)

15 840
(41.1)

31 622
(42.3)

69 920
(40.7)

3404
(49.6)

8900
(51.5)

Insulin 15 051 (12.6) 6639
(15.5)

5799
(12.2)

5932
(14.4)

5584
(14.5)

10 032
(13.4)

24 801
(14.5)

550
(8.0)

1488
(8.6)

Insulin, OHA 15 706 (13.1) 5081
(11.9)

5432
(11.5)

5984
(14.6)

4395
(11.4)

10 892
(14.6)

22 460
(13.1)

950
(13.8)

2024
(11.7)

Other medications, No. (%)

Antihypertensives 71 957 (63.1) 21 916
(54.2)

26 350
(58.5)

24 327
(62.5)

20 512
(56.1)

47 037
(65.9)

103 221
(63.1)

3516
(55.1)

6649
(41.3)

Statins 53 516 (46.9) 15 318
(37.8)

20 246
(44.8)

17 313
(44.6)

15 627
(42.7)

33 445
(46.9)

74 366
(45.4)

2815
(44.4)

5957
(36.7)

Aspirin 35 023 (31.2) 9318
(23.4)

12 357
(27.7)

11 664
(30.6)

9607
(26.7)

23 242
(33.1)

48 655
(30.2)

1824
(29.3)

3517
(22.0)

Coexisting conditions, No. (%)

Heart failure 3780 (3.1) 1441
(3.3)

1034
(2.1)

1660
(4.0)

941
(2.4)

3401
(4.5)

6209
(3.6)

243
(3.5)

333
(1.9)

Atrial fibrillation 4837 (4.0) 1306
(3.0)

1664
(3.4)

1539
(3.7)

1369
(3.5)

3477
(4.6)

7225
(4.1)

224
(3.2)

191
(1.1)

Acute MI 8618 (7.1) 2306
(5.3)

2815
(5.8)

2718
(6.5)

1988
(5.1)

6485
(8.6)

12 576
(7.2)

451
(6.4)

778
(4.4)

Stroke 4693 (3.9) 1483
(3.4)

1239
(2.6)

1875
(4.5)

1180
(3.0)

3677
(4.9)

7221
(4.1)

232
(3.3)

360
(2.0)

Stage 5 chronic
kidney disease

651 (0.5) 315
(0.7)

194
(0.4)

309
(0.7)

213
(0.5)

552
(0.7)

1125
(0.6)

49
(0.7)

79
(0.4)

Cancer 4984 (4.1) 1200
(2.8)

1624
(3.4)

1716
(4.1)

1501
(3.8)

3216
(4.2)

7147
(4.1)

256
(3.7)

371
(2.1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); BP, blood pressure; eGFR, estimated glomerular
filtration rate; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein
cholesterol; MI, myocardial infarction; NA, not applicable; OHA, oral
hypoglycemia agent.

SI conversion factor: To convert HbA1c to proportion of total hemoglobin,
multiply by 0.01.
a Denominators differ for some variables because of missing data.
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Figure 1. Adjusted Hazard Ratios (HRs) for Death From Any Cause

Model 1

HR (95% CI)

Reference
1.04 (0.99-1.09)
0.70 (0.67-0.73)
1.08 (1.02-1.16)

Reference

2.12 (2.01-2.24)
2.13 (2.03-2.25)
1.67 (1.59-1.76)
1.17 (1.10-1.23)

Reference
0.88 (0.85-0.91)
0.81 (0.77-0.85)

Reference
0.90 (0.82-0.98)

0.70 (0.63-0.78)
0.50 (0.45-0.55)
1.06 (1.00-1.12)

P Value

.08
<.001

.02

<.001
<.001
<.001
<.001

<.001
<.001

.02

<.001
<.001

.07

Model 3

HR (95% CI)

Reference
0.94 (0.88-0.99)
0.73 (0.70-0.77)
1.05 (0.97-1.14)

Reference

1.71 (1.60-1.83)
1.68 (1.58-1.80)
1.44 (1.35-1.53)
1.12 (1.05-1.20)

Reference
0.90 (0.86-0.93)
0.85 (0.80-0.90)

Reference
1.01 (0.91-1.13)

0.72 (0.62-0.83)
0.55 (0.48-0.63)
1.08 (1.01-1.16)

P Value

.03
<.001

.19

<.001
<.001
<.001
<.001

<.001
<.001

.81

<.001
<.001

.03

Model 2

HR (95% CI)

Reference
0.96 (0.91-1.01)
0.71 (0.67-0.74)
1.02 (0.95-1.10)

Reference

1.81 (1.70-1.92)
1.83 (1.72-1.94)
1.51 (1.43-1.61)
1.13 (1.06-1.21)

Reference
0.90 (0.86-0.93)
0.83 (0.79-0.88)

Reference
0.97 (0.87-1.07)

0.74 (0.65-0.84)
0.58 (0.51-0.65)
1.09 (1.02-1.16)

P Value

.10
<.001

.59

<.001
<.001
<.001
<.001

<.001
<.001

.49

<.001
<.001

.01

Source
Marital status

Single
Divorced
Married
Widowed

Income quintile

1

5

2
3
4

≤9 y

Educational level

10-12 y

Immigrant status

College/university

Sweden

Low-income Europe

High-income Europe

Non-Western
Nordic countries

Higher riskLower risk Higher riskLower risk Higher riskLower risk

Model 1 was identical for all outcomes and included age, sex, duration of
diabetes, marital status, income, educational level, and country of birth. Model
2 was further adjusted for smoking, hemoglobin A1c level, estimated glomerular

filtration rate, diabetes treatment, and body mass index. Model 3 was further
adjusted for albuminuria, heart failure, myocardial infarction, stroke, stage 5
chronic kidney disease, and cancer at baseline.

Table 2. Incidence Rates for All-Cause, Cardiovascular, and Cancer Mortality

Characteristic Mean Age

All-Cause Mortality

Mortality

Cardiovascular Cancer

Events Ratea Events Ratea Events Ratea

Income quintile

1 (Lowest) 59.0 4350 18.33 2645 11.15 1307 5.51

2 60.4 5125 22.89 3280 14.65 1511 6.75

3 58.6 3888 16.13 2345 9.73 1334 5.53

4 56.5 2678 10.10 1482 5.59 1059 3.99

5 (Highest) 57.3 2445 8.92 1293 4.72 1005 3.67

Educational level, y

≤9 60.4 8854 19.83 5490 12.29 2820 6.32

10-12 57.1 7244 12.96 4196 7.51 2524 4.51

College/university 57.2 2150 9.77 1190 5.41 818 3.72

Immigrant status

Sweden 58.8 16 342 16.09 9799 9.65 5480 5.39

High-income Europe 59.7 517 15.48 318 9.52 192 5.75

Low-income Europe 56.4 425 11.29 208 5.53 164 4.36

Non-Western 52.1 504 5.73 260 2.96 181 2.06

Nordic countries 59.9 1317 19.05 838 12.12 421 6.09

Marital status

Single 52.7 3527 14.50 2217 9.11 897 3.69

Divorced 59.2 4205 18.82 2601 11.64 1342 6.01

Married 59.3 9219 13.00 5221 7.36 3513 4.95

Widowed 64.6 1535 23.36 1006 15.31 464 7.06
a Rates are number of cases per 1000 person-years; 95% CIs are not presented due to the marked differences in key variables (eg, age and sex) at baseline.
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Death From Any Cancer
There was no statistically significant association between mari-
tal status and death from any cancer (Figure 3). Individuals in in-
come quintiles 1, 2, and 3 had approximately the same elevated
risk (30% higher) of death from cancer compared with those in
the highest income quintile. The HR for persons with a college/
university degree was 0.84 (95% CI, 0.76-0.93) compared with
having 9 years or less of education. A smaller but significant re-
duction in risk was also noted for individuals with 10 to 12 years
of education. Compared with native Swedes, persons from non-
Western countries had an HR of 0.72 (95% CI, 0.58-0.88).

Death From Specific Cancers
Hazard ratios are presented in eFigure 2 to eFigure 7 in the
Supplement. Compared with men who were single, those who
were married displayed an HR of 0.67 (95% CI, 0.50-0.90) for
death from prostate cancer; the HR in men with 10 to 12 years
of education was 0.77 (95% CI, 0.60-0.99). Remaining socio-
economic status variables were not associated with a risk of
prostate cancer (eFigure 2 in the Supplement).

None of the socioeconomic status variables were associ-
ated with the risk of breast cancer. However, there was a ten-
dency for increasing risk with declining income (eFigure 3 in
the Supplement) in the judgment of point estimates.

Being divorced, having a low income, or being born in
nearby Nordic countries were each associated with higher risks
for lung and tracheal cancer. The HR for individuals with a col-
lege/university degree compared with those who had 9 years

or less of education was 0.58 (95% CI, 0.44-0.76) (eFigure 4
in the Supplement).

Compared with the highest income quintile, all other in-
come groups displayed a 30% to 50% elevated risk of death
from gastrointestinal cancers. Being well educated appeared
to be associated with a lower risk of the outcome, although sta-
tistical significance was absent. The HR for non-Western im-
migrants compared with Swedish natives was 0.54 (95% CI,
0.31-0.93) (eFigure 5 in the Supplement).

Socioeconomic status was not associated with death from
kidney and urinary tract cancer except for individuals in the
second highest income quintile, who displayed a lower risk
than persons in the highest income quintile (eFigure 6 in the
Supplement). Low income was associated with an elevated risk
of death from cancer in the liver, pancreas, or biliary tract (eFig-
ure 7 in the Supplement).

Discussion
In this nationwide study of 217 364 individuals with diabetes, we
demonstrated that components of socioeconomic status are in-
dependent indicators of all-cause, CV, diabetes-related, and can-
cer mortality. The effect on cancer mortality was much less pro-
nounced compared with the other factors, indicating that
socioeconomic status probably has a stronger influence on CV
outcomes. In general, low compared with high income was
associated with almost twice the risk of all-cause, CV, and

Figure 2. Adjusted Hazard Ratios (HRs) for Death From Cardiovascular Causes

Model 1

HR (95% CI)

Reference
1.03 (0.98-1.10)
0.63 (0.60-0.66)
1.14 (1.05-1.24)

Reference

2.50 (2.32-2.69)
2.53 (2.36-2.71)
1.89 (1.76-2.03)
1.22 (1.14-1.32)

Reference
0.86 (0.83-0.90)
0.79 (0.74-0.84)

Reference
0.92 (0.82-1.03)

0.56 (0.48-0.65)
0.42 (0.36-0.48)
1.10 (1.02-1.19)

P Value

.257
<.001

.001

<.001
<.001
<.001
<.001

<.001
<.001

.169

<.001
<.001

.01

Model 3

HR (95% CI)

Reference
0.90 (0.84-0.97)
0.67 (0.63-0.71)
1.07 (0.97-1.17)

Reference

1.87 (1.72-2.05)
1.87 (1.72-2.03)
1.54 (1.42-1.68)
1.15 (1.05-1.26)

Reference
0.91 (0.86-0.95)
0.84 (0.78-0.91)

Reference
0.99 (0.86-1.14)

0.59 (0.48-0.72)
0.46 (0.38-0.56)
1.09 (1.00-1.19)

P Value

.004
<.001

.180

<.001
<.001
<.001

.003

<.001
<.001

.911

<.001
<.001

.05

Model 2

HR (95% CI)

Reference
0.93 (0.87-1.00)
0.64 (0.60-0.68)
1.04 (0.95-1.14)

Reference

2.07 (1.91-2.25)
2.10 (1.95-2.28)
1.65 (1.53-1.79)
1.18 (1.09-1.29)

Reference
0.89 (0.85-0.93)
0.82 (0.76-0.88)

Reference
0.95 (0.84-1.09)

0.59 (0.49-0.71)
0.50 (0.42-0.59)
1.10 (1.01-1.20)

P Value

.04
<.001

.36

<.001
<.001
<.001
<.001

<.001
<.001

.47

<.001
<.001

.02

Source
Marital status

Single
Divorced
Married
Widowed

Income quintile

1

5

2
3
4

≤9 y

Educational level

10-12 y

Immigrant status

College/university

Sweden

Low-income Europe

High-income Europe

Non-Western
Nordic countries

Higher riskLower risk Higher riskLower risk Higher riskLower risk

Model 1 was identical for all outcomes and included age, sex, duration of
diabetes, marital status, income, educational level, and country of birth. Model
2 was further adjusted for smoking, hemoglobin A1c level, estimated glomerular

filtration rate, diabetes treatment, and body mass index. Model 3 was further
adjusted for albuminuria, heart failure, myocardial infarction, stroke, and stage 5
chronic kidney disease.
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diabetes-related mortality and a 30% elevated risk of overall can-
cer mortality. Being married was associated with a 30% to 40%
reduced risk of all-cause, CV, and diabetes-related mortality but
had no effect on death from cancer with the exception of pros-
tate cancer mortality, for which married men displayed a 33%
lower risk than single men. Immigrants displayed a 30% to 60%
lower risk of all-cause, CV, and diabetes-related death; non-
Western immigrants also had a reduced risk (approximately 30%)
of death from cancer.

The implications of the present study proceed from its pre-
requisites. The Swedish health care system is arguably one of the
most equitable worldwide. All citizens have equal access to all as-
pects of the health care system, and individual costs represent
a fraction of actual costs; being hospitalized costs approximately
$10 per day regardless of level of care or the type and number of
interventions and examinations carried out. In addition, a pre-
vious study by our group19 showed that immigrants received
evidence-based treatments earlier than did native Swedes. Thus,
health care access bias should be a minor issue.19 Furthermore,
we made rigorous adjustments for potential confounders. The re-
sultsarelikelytopresenttheinfluenceofsocioeconomicvariables
independent of their effect on health care use and access.

Thefactthatcontrollingforriskfactorsandcovariatesdidnot
eliminate the effect of socioeconomic indicators does not imply
that risk factor control is ineffective in reducing these disparities.
Infact,strictriskfactorcontrolmightbethemostaccessiblemeans
for reducing these disparities. It may be wise to initiate preven-
tivestrategiesforwell-recognizedCVriskfactors.Becauseofsome
overlap in the causes, it is likely that this intervention would also

mitigate disparities in cancer mortality. Regardless, it is unlikely
that such measures will eliminate existing inequalities. Health
policy and societal reforms will be needed.

Previous studies9,11 have shown that low socioeconomic
status is associated with mortality from diabetes, but these
studies did not adjust for important covariates, did not have
access to detailed individual-level socioeconomic data, or were
conducted in a setting in which access to health care is ineq-
uitable. The present study overcame these obstacles and as-
sessed cancer mortality to show the greater effect of socio-
economic factors on CV outcomes.

The mechanisms by which socioeconomic status exert an
influence have been extensively studied.20-23 Absence of so-
cioeconomic privilege is coupled with psychosocial stress, un-
employment, financial difficulties, unhealthy habits, health
obstacles, living in an at-risk neighborhood, lack of social sup-
port, and insufficient cohesion.

Non-Westernimmigrantsdisplayedaparadoxicalassociation
between socioeconomic status and survival. Compared with
Swedish natives, non-Western immigrants had a lower income
and higher educational level but a lower risk of virtually all out-
comes.Theseassociationspersisteddespiterigorousadjustments,
whichindicatesthatthereareas-yetunmeasured(protective)fac-
tors that put immigrants at lower risk than their Swedish compa-
triots. This phenomenon has been termed the healthy migrant
effect,24 suggesting that individuals who migrate from non-
Western to Western countries represent a select and stronger sub-
group of their native country. Our study shows that this healthy
migrant effect is substantial (HRs from 0.38 to 0.72 ), applies to

Figure 3. Adjusted Hazard Ratios (HRs) for Death From Cancer

Model 1

HR (95% CI)

Reference
1.18 (1.08-1.28)
0.95 (0.88-1.02)
1.09 (0.97-1.23)

Reference

1.38 (1.26-1.52)
1.48 (1.36-1.62)
1.37 (1.26-1.49)
1.13 (1.03-1.23)

Reference
0.92 (0.87-0.97)
0.84 (0.77-0.91)

Reference
0.99 (0.85-1.15)

0.91 (0.77-1.07)
0.62 (0.52-0.72)
1.04 (0.94-1.15)

P Value

<.001
.17
.16

<.001
<.001
<.001

.007

.002
<.001

.88

.26
<.001

.44

Model 3

HR (95% CI)

Reference
1.10 (0.99-1.22)
0.98 (0.89-1.07)
1.12 (0.97-1.29)

Reference

1.28 (1.14-1.44)
1.34 (1.21-1.50)
1.31 (1.18-1.45)
1.10 (0.99-1.23)

Reference
0.90 (0.84-0.96)
0.84 (0.76-0.93)

Reference
1.16 (0.97-1.38)

0.96 (0.77-1.20)
0.72 (0.58-0.88)
1.12 (0.99-1.27)

P Value

.09

.64

.11

<.001
<.001
<.001

.09

.002
<.001

.11

.72

.002

.06

Model 2

HR (95% CI)

Reference
1.11 (1.01-1.22)
0.95 (0.87-1.03)
1.07 (0.93-1.22)

Reference

1.24 (1.11-1.37)
1.38 (1.25-1.52)
1.31 (1.19-1.44)
1.08 (0.98-1.19)

Reference
0.91 (0.86-0.97)
0.83 (0.75-0.91)

Reference
1.10 (0.93-1.30)

0.97 (0.79-1.18)
0.71 (0.59-0.86)
1.09 (0.97-1.22)

P Value

.04

.24

.34

<.001
<.001
<.001

.14

.005
<.001

.26

.75
<.001

.16

Source
Marital status

Single
Divorced
Married
Widowed

Income quintile

1

5

2
3
4

≤9 y

Educational level

10-12 y

Immigrant status

College/university

Sweden

Low-income Europe

High-income Europe

Non-Western
Nordic countries

Higher riskLower risk Higher riskLower risk Higher riskLower risk

Model 1 was identical for all outcomes and included age, sex, duration of
diabetes, marital status, income, educational level, and country of birth. Model
2 was further adjusted for smoking, hemoglobin A1c level, estimated glomerular

filtration rate, diabetes treatment, and body mass index. Model 3 was further
adjusted for albuminuria, heart failure, myocardial infarction, stroke, stage 5
chronic kidney disease, and cancer at baseline.
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a range of outcomes, and, perhaps even more intriguing, is not
affected by adjustment for well-recognized risk factors and co-
morbidities.

The study has limitations. Because of its observational de-
sign, we cannot exclude residual confounding. Although the re-
gression methods and number and quality of included vari-
ables restrict residual confounding, they do not correct for
confounding factors that were not considered. We did not have
access to data on alcohol consumption, and information regard-
ing smoking was limited to a dichotomous variable. Further-
more, the epidemiologic definition of type 2 diabetes makes it
possible that persons with autoimmune (ie, type 1) diabetes may
have been included in the cohort, provided that they had dis-
ease onset after age 40 years. However, we compared this defi-
nition with the physician’s classification of diabetes type (which

is available in the NDR), and the epidemiologic definition was
concordant with the physician’s in 95% of the cases.

Conclusions
In this nationwide study in Sweden, where access to and use
of health care resources is equitable and affordable and man-
agement is well developed, low socioeconomic status was as-
sociated with a 2-fold risk of all-cause, CV, and diabetes-
related mortality. A significant but less pronounced increased
risk of death from cancer was also noted. Controlling for con-
ventional risk factors does not eliminate these disparities, but
socioeconomically tailored management and aggressive treat-
ment are likely to reduce them.
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