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Abstract: This retrospective cohort study aimed to analyze overall and cause-specific mortality risk
in people with type 2 diabetes mellitus (T2DM) in Lithuania. Information on the diagnosis of T2DM
and glucose-lowering medication was obtained from the National Health Insurance Fund database,
causes of death–from death certificates. Sex, age, and calendar period-standardized mortality ratios
(SMRs) were calculated. In addition, 89,512 patients were followed-up between 2010 and 2017,
contributing to the observation period of 592,321 person-years. Overall mortality risk was increased
for both sexes (overall SMR = 1.35, 95% confidence interval (CI) 1.34–1.37). Greatest mortality risk
was in the age group of 40–49 years at diabetes diagnosis (SMR = 1.68, 95% CI 1.60–1.76) and among
those who had died before the age of 50 (SMR = 22.04, 95% CI 18.82–25.81). Patients treated with
insulin only had the highest SMR (2.43, 95% CI 2.32–2.55). Mortality risk increased with increasing
diabetes duration and was higher in women in all these groups. The highest cause-specific SMRs
were infection-related causes (SMR = 1.44), particularly septicemia (SMR = 1.78), diseases of the
circulatory system (SMR = 1.42), especially ischemic heart (SMR = 1.46) and cerebrovascular diseases
(SMR = 1.38), as well as diseases of the digestive system (SMR = 1.35). Cancer mortality risk was
elevated for women (SMR = 1.13), but not for men (SMR = 0.93). In conclusion, people with T2DM
had an excess mortality risk, which was higher in women compared to men, younger people, in those
who were diagnosed with T2DM at a younger age, had longer diabetes duration, and who required
treatment with insulin.

Keywords: type 2 diabetes mellitus; mortality; standardized mortality ratio; population study;
retrospective cohort study.

1. Introduction

Type 2 diabetes mellitus (T2DM) and its complications have been an increasing burden of mortality
and disability globally. The Global Burden of Disease Study 2013 identified diabetes as the ninth major
cause of reduced life expectancy [1]. Furthermore, it was estimated that diabetes caused 4.2 million
deaths in adults aged 20–79 years during 2019, which is 11.3% of global mortality. In addition, nearly
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half of these deaths (46.2%, 1.9 million) are estimated to occur in working-age adults, younger than
60 years [2].

The increased risk for (and death from) cardiovascular diseases (CVD) in patients with T2DM
worldwide is well-established [3–5]. Diabetes is also among the leading causes of kidney failure [6,7].
Excess mortality due to infection-related diseases in patients with diabetes has been demonstrated
as well [8]. Furthermore, diabetes has been associated with an increased risk for some types of site-
specific cancer [9]. In fact, we recently found that T2DM is associated with increased risk for pancreas,
liver, kidney, and thyroid cancer in men and women and breast and corpus uteri in women in the
Lithuanian population [10]. Whether cancer increases mortality in people with T2DM in Lithuania
is unknown.

Finally, it has been shown that the association between diabetes and mortality is different across
countries and continents [11–13]. To our knowledge, no recent, reliable long-term data on mortality
from specific causes of patients with T2DM are available in Lithuania or the Baltic region.

The aim of this study was to analyze overall and cause-specific mortality risk in people with
T2DM in Lithuania between 2010 and 2017 by comparing it with the general population of Lithuania.

2. Materials and Methods

Cause-specific mortality risk among patients with diabetes in Lithuania was assessed using a
retrospective cohort study design. Information on the diagnosis of T2DM and glucose-lowering
medication was obtained from the National Health Insurance Fund (NHIF) database. Underlying
causes of death were obtained from death certificates (Causes of Death Register).

The NHIF database, created in 1999, contains demographic data and entries on all provided
healthcare services, whether ambulatory or hospital-based, and prescriptions of reimbursed
pharmacological agents. As the diagnoses are registered manually into the database by healthcare
providers, to increase the specificity of diabetes cases, only patients who had more than 6 prescriptions
for reimbursed glucose-lowering medications were included into the study. Furthermore, we analyzed
only T2DM cases (International Statistical Classification of Diseases and Related Health Problems
(ICD)-10 code E11), diagnosed at the age of 40 or older.

In total, a cohort of 89,554 prevalent T2DM patients, who were alive on 01 January 2010,
were identified from the NHIF database. Patients with the same recorded date of diagnosis and date of
death (12 cases) and patients with missing information on cause of death (30 cases) were excluded
from the cohort. Finally, 89,512 patients (32,611 men and 56,901 women) with T2DM were included in
the analysis, contributing to the observation period of 592,321.4 person-years (212,050.1 and 380,271.3
for males and females, respectively).

Available data for this analysis included: Sex, age, date of diabetes diagnosis (first registration
of diagnosis in the NHIF database) and date of death, underlying cause of death, and prescribed
glucose-lowering medications. Cohort members were classified into three groups according to treatment:
“Oral” medication users, “insulin and oral” medication users, and “insulin” users. According to the
Lithuanian diabetes management guidelines, metformin is the initial oral glucose-lowering drug for
T2DM. If metformin is contraindicated, causes side effects, or metformin monotherapy fails to achieve
the glycemic goal (HbA1c less than 7%), the treatment is intensified by adding a second line medication,
which is generally a sulfonylurea. As a third step, combination therapy with more than two classes of
glucose-lowering drugs can be used (adding thiazolidinediones, glucagon-like peptide-1 analogs, or
dipeptidyl peptidase-4 inhibitors). Insulin treatment can be initiated after failed combination therapy
or at any time depending on the clinical situation. Metformin treatment is usually continued together
with insulin [14].

To assess cause-specific mortality risk in the study cohort, common causes of death were classified
into 10 broad categories and subcategories according to the ICD-10. The time since the diagnosis of
diabetes was also stratified into three groups (1–5, 6–10, and >10 years). Patients with a first diabetes
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diagnosis between 1999 and 2000 included prevalent cases, therefore, they were excluded from the
part of analysis by duration of follow-up (18,699 cases).

Follow-up started on 01 January 2010 and ended on 31 December 2017, the day of emigration,
or the day of death, whichever came first. By 31 December 2017, 30,200 diabetic patients (11,829 men
and 18,371 women) had died. Sex, age, and calendar period-standardized mortality ratios (SMRs) were
calculated by dividing the observed number of deaths among patients with T2DM by the expected
number of deaths, calculated using national rates. Assuming that data followed a Poisson distribution,
95% confidence intervals (CIs) for SMRs were calculated. The chi-square (χ2) test for trend was
performed in order to evaluate changes in mortality risk of diabetic patients over age groups and time
since diabetes diagnosis.

All statistical analyses were carried out using STATA 11 statistical software (StataCorp. 2009.
Stata Statistical Software: Release 11.0. College Station, TX, USA). The study was conducted in
accordance with the Declaration of Helsinki, and the protocol was approved by the Vilnius Regional
Biomedical Research Ethics Committee (No. 158200-17-913-423).

3. Results

Baseline characteristics of the study cohort are presented in Table 1.

Table 1. Characteristics of the study population.

Men Women Overall

Patients with T2DM 1 (%) 32,611 (36.43) 56,901 (63.57) 89,512 (100)
Mean age at diabetes diagnosis (SD 2), yr 3 58.7 (9.99) 62.71 (10.03) 61.31 (10.19)

Mean age at death (SD), yr 73.36 (0.75) 79.03 (0.60) 76,81 (0.67)
Mean follow-up time (SD), yr 11.06 (3.69) 12.34 (3.65) 12.07 (3.68)

Mean diabetes exposure time (SD) *, yr 10.77 (3.32) 11.32 (3.26) 11.11 (3.29)
Number of deaths (%) 11,829 (39.17) 18,371 (60.83) 30,200 (100)

1 T2DM, type 2 diabetes mellitus, 2 SD, standard deviation; 3 yr, years; * prevalent diabetes cases at beginning of
follow-up excluded from analysis.

An increased overall mortality risk was found for both sexes combined (SMR = 1.35, 95% CI
1.34–1.37). The SMRs were significantly increased in both male and female diabetic patients, with SMRs
of 1.24 (95% CI 1.22–1.27) and 1.43 (95% CI 1.41–1.45), respectively (Table 2). The greatest mortality
risk was for those in whom diabetes was diagnosed at a younger age (SMR = 1.68, 95% CI 1.60–1.76)
and particularly high among those who had died before the age of 50 years (SMR = 22.04, 95% CI
18.82–25.81). The SMRs decreased with increasing age (test for trend p < 0.001) in both conditions,
but remained significantly increased among those with T2DM who were aged 70 and over (SMR = 1.22).
Excessive all-cause mortality risk was higher in females than in males, especially in the younger
age group.
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Table 2. Standardized mortality ratios for all causes of death for men, women, and the overall cohort according to sex, age at diagnosis, age at death, time after
diagnosis, and therapy.

Men Women Overall

Obs 1 Exp 2 SMR 3 95% CI 4 Obs Exp SMR 95% CI Obs Exp SMR 95% CI

Overall 11,829 9512.57 1.24 1.22 1.27 18,371 12,849.93 1.43 1.41 1.45 30,200 22,362.50 1.35 1.34 1.37
Age at diagnosis

40–49 1216 823.09 1.48 1.40 1.56 643 284.53 2.26 2.09 2.44 1859 1107.62 1.68 1.60 1.76
50–59 3026 2416.27 1.25 1.21 1.30 2643 1456.06 1.82 1.75 1.89 5669 3872.33 1.46 1.43 1.50
60–69 4267 3452.83 1.24 1.20 1.27 6339 4070.97 1.56 1.52 1.60 10,606 7523.81 1.41 1.38 1.44
≥70 3320 2820.37 1.18 1.14 1.22 8746 7038.38 1.24 1.22 1.27 12,066 9858.75 1.22 1.20 1.25

p < 0.001 p < 0.001 p < 0.001
Age at death

40–49 116 6.12 18.97 15.81 22.75 38 0.87 43.64 31.76 59.98 154 6.99 22.04 18.82 25.81
50–59 1112 431.17 2.58 2.43 2.74 554 116.75 4.75 4.37 5.16 1666 547.93 3.04 2.90 3.19
60–69 2858 1873.01 1.53 1.47 1.58 2197 823.51 2.67 2.56 2.78 5055 2696.52 1.87 1.82 1.93
≥70 7743 7202.27 1.08 1.05 1.10 15,582 11,908.79 1.31 1.29 1.33 23,325 19,111.07 1.22 1.20 1.24

p < 0.001 p < 0.001 p < 0.001
Time after diagnosis *

1–5 1506 1445.09 1.04 0.99 1.10 1748 1530.28 1.14 1.09 1.20 3254 2975.37 1.09 1.06 1.13
6–10 4321 3734.52 1.16 1.12 1.19 5945 4611.66 1.29 1.26 1.32 10,266 8346.18 1.23 1.21 1.25
>10 3025 2361.79 1.28 1.24 1.33 4886 3455.61 1.41 1.37 1.45 7911 5817.40 1.36 1.33 1.39

p < 0.001 p < 0.001 p < 0.001
Glucose-lowering drugs

Oral 9329 8252.28 1.13 1.11 1.15 14,764 11,305.37 1.31 1.29 1.33 24,093 19,557.64 1.23 1.22 1.25
Insulin and oral 1650 872.50 1.89 1.80 1.98 2624 1178.46 2.23 2.14 2.31 4274 2050.96 2.08 2.02 2.15

Insulin 850 387.79 2.19 2.05 2.34 983 366.10 2.69 2.52 2.86 1833 753.89 2.43 2.32 2.55

1 Obs, observed; 2 Exp, expected; 3 SMR, standardized mortality ratio; 4 CI, confidence interval; * prevalent diabetes cases at beginning of follow-up excluded from analysis.
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The risk for mortality increased with increasing time since diabetes diagnosis, with SMRs of 1.09,
1.23, and 1.36 in periods 1–5, 6–10, and >10 years after diagnosis, respectively (test for trend p < 0.001).

With regard to T2DM treatment groups (oral glucose-lowering drugs, insulin and oral, only insulin),
significantly higher mortality risk than expected from the general population was found in all groups.
The SMR varied depending on the disease treatment modality from 1.23 (95% CI 1.22–1.25) among
those treated only with oral antidiabetic drugs to 2.43 (95% CI 2.32–2.55) among those treated with
insulin only.

The observed and expected numbers and the SMRs for each specific cause of death by sex
are shown in Table 3. The main causes of death among patients with T2DM were diseases of the
circulatory system (65.2%), malignant neoplasms (15.3%), endocrine, nutritional and metabolic diseases
(6.2% (mainly due to T2DM- 5.2%)) and diseases of the digestive system (4.3%). As compared to the
general population, except for T2DM, the highest statistically significantly increased mortality risk
was found for deaths from infection-related causes (SMR = 1.44), particularly septicemia (SMR = 1.78)
and diseases of the circulatory system (SMR = 1.42), especially ischemic heart (SMR = 1.46) and
cerebrovascular diseases (SMR = 1.38). However, the mortality risk ascribed to malignant neoplasms
was slightly elevated only for female diabetic patients (SMR = 1.13), but not for males (SMR = 0.93),
whereas mortality from all external causes and alcohol-related diseases was even lower in the diabetic
cohort than in the general population—results for men were statistically significant.
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Table 3. Standardized mortality ratios for causes of death for men, women, and the overall cohort.

Men Women Overall

Diagnosis (ICD 1-10 code) Obs 2 Exp 3 SM 4 95% CI 5 Obs Exp SMR 95% CI Obs Exp SMR 95% CI

Overall 11,829 9512.6 1.24 1.22 1.27 18371 12,849.9 1.43 1.41 1.45 30,200 22,362.5 1.35 1.34 1.37
Certain infectious and parasitic diseases (A00-B99) 172 143.1 1.20 1.04 1.40 248 148.8 1.67 1.47 1.89 420 291.9 1.44 1.31 1.58

Septicaemia (A40-A41) 127 73.5 1.73 1.45 2.06 196 108.4 1.81 1.57 2.08 323 181.9 1.78 1.59 1.98
Malignant neoplasms (C00-C97) 2169 2320.2 0.93 0.90 0.98 2437 2151.4 1.13 1.09 1.18 4606 4471.6 1.03 1.00 1.06

Endocrine, nutritional and metabolic diseases (E00-E88) 767 66.1 11.60 10.81 12.46 1114 122.6 9.08 8.57 9.63 1881 188.7 9.97 9.53 10.43
Non-insulin-dependent diabetes mellitus (E11) 618 50.5 12.25 11.32 13.25 953 98.3 9.70 9.10 10.33 1571 148.7 10.56 10.05 11.10

Mental and behavioural disorders (F01-F99) 22 20.5 1.07 0.71 1.63 52 41.2 1.26 0.96 1.66 74 61.7 1.20 0.95 1.51
Diseases of the nervous system (G00-G98) 79 115.7 0.68 0.55 0.85 149 174.3 0.85 0.73 1.00 228 290.0 0.79 0.69 0.90
Diseases of the circulatory system (I00-I99) 7086 5070.4 1.40 1.37 1.43 12,614 8770.5 1.44 1.41 1.46 19,700 13,840.9 1.42 1.40 1.44

Ischaemic heart diseases (I20-I25) 4926 3400.1 1.45 1.41 1.49 8277 5665.7 1.46 1.43 1.49 13,203 9065.8 1.46 1.43 1.48
Heart failure (I50) 35 38.1 0.92 0.66 1.28 88 72.1 1.22 0.99 1.50 123 110.2 1.12 0.94 1.33

Cerebrovascular diseases (I60-I69) 1506 1107.3 1.36 1.29 1.43 3323 2402.3 1.38 1.34 1.43 4829 3509.6 1.38 1.34 1.42
Diseases of arteries, arterioles and capillaries (I70-I79) 91 121.1 0.75 0.61 0.92 108 106.8 1.01 0.84 1.22 199 227.9 0.87 0.76 1.00

Diseases of the respiratory system (J00-J98) 355 438.7 0.81 0.73 0.90 315 256.8 1.23 1.10 1.37 670 695.5 0.96 0.89 1.04
Pneumonia (J12-J18) 112 129.9 0.86 0.72 1.04 136 105.7 1.29 1.09 1.52 248 235.6 1.05 0.93 1.19

Diseases of the digestive system (K00-K92) 540 436.8 1.24 1.14 1.34 753 518.2 1.45 1.35 1.56 1293 955.0 1.35 1.28 1.43
Diseases of liver (K70-K76) 220 185.1 1.19 1.04 1.36 169 125.1 1.35 1.16 1.57 389 310.2 1.25 1.14 1.39

Diseases of pancreas (K85-K86) 49 41.7 1.18 0.89 1.56 40 43.7 0.92 0.67 1.25 89 85.4 1.04 0.85 1.28
Diseases of the genitourinary system (N00-N98) 97 78.5 1.24 1.01 1.51 145 120.0 1.21 1.03 1.42 242 198.5 1.22 1.07 1.38

Disorders of kidney and ureter (N00-N28) 69 60.4 1.14 0.90 1.45 119 107.2 1.11 0.93 1.33 188 167.6 1.12 0.97 1.29
External causes of mortality (V01-Y98) 385 653.1 0.59 0.53 0.65 300 343.7 0.87 0.78 0.98 685 996.8 0.69 0.64 0.74

Accidents (V01-X59) 228 392.4 0.58 0.51 0.66 211 234.5 0.90 0.79 1.03 439 627.0 0.70 0.64 0.77
Suicides (X60-X84) 104 167.0 0.62 0.51 0.75 55 59.8 0.92 0.71 1.20 159 226.8 0.70 0.60 0.82

Event of undetermined intent (Y10-Y34) 32 60.6 0.53 0.37 0.75 26 30.7 0.85 0.58 1.25 58 91.3 0.64 0.49 0.82
Alcohol-related diseases* 94 157.0 0.60 0.49 0.73 52 65.5 0,79 0.61 1.04 146 222.4 0.66 0.56 0.77

1 ICD, International Classification of Diseases, 2 Obs, observed; 3 Exp, expected; 4 SMR, standardized mortality ratio; 5 CI, confidence interval, * F10, G312, G621, G721, I426, K292, K70,
K852, K860, X45, X65, Y15.
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4. Discussion

This nationwide study involved more than 89,000 people with T2DM, followed-up for over
592 thousand person-years, and over 30 thousand deaths were analyzed during the observational
period. The large study cohort allowed us to investigate a wide range of mortality outcomes and
compare it to the national population.

The study showed that people with T2DM had a 35% excess risk of mortality from all causes, with an
even higher risk for women compared to men, especially in the youngest age group. Excess mortality
in T2DM was substantially higher in people who were diagnosed with T2DM at a younger age, in those
who died at a younger age, those who had a longer diabetes duration, or those who required treatment
with insulin.

Furthermore, our study showed that both men and women with diabetes had not only an increased
risk of death from diabetes itself and from CVD, but substantially higher mortality risk from infectious,
digestive, and genitourinary diseases. The mortality risk due to cancer, however, was significantly
elevated only for women with diabetes, probably because of increased corpus uteri and breast cancer
risk that we have found in Lithuanian diabetic women [10]. Even more, increased risk for mortality
from respiratory diseases was also seen in diabetic women.

Similar studies from across the world, both earlier [7,15–17] and recent [18–21], even with advances
in diabetes treatment over the years, have also consistently shown that T2DM increases all-cause
mortality; however, the association with nonvascular causes of death slightly differed among various
populations. Interestingly, in our population, mortality from all external causes and alcohol-related
diseases, as well as diseases from the nervous system, were lower in the diabetic cohort than in
the general population. Data about these less-common causes of death in other studies are lacking
and variable.

An analysis from the Verona Diabetes Study group of over 7 thousand T2DM patients in Italy,
followed-up in 1987–1991, showed that diabetic patients had a 42% higher risk of mortality from all
causes (compared to the general population). CVD diseases, cirrhosis, and diabetes contributed to
increased mortality. As in our study, mortality risk from cancer was similar in the diabetic cohort and
in the general population. Insulin treatment was strongly associated with mortality from all causes [7].

Moss et al. studied mortality risk for specific causes in both young onset and older onset
(presumably T2DM) diabetes patient groups in Wisconsin, USA, between 1980 and 1988. The authors
found similar results for mortality risk from CVD (SMR 2.3; 95% CI 2.1–2.5), diabetes (SMR 16.8; 95% CI
14-19.9), and malignancies (SMR 0.9, 95% CI 0.8–1.2). However, there was no risk association for
mortality from external causes [15]. A Finnish study of death causes between 1981 and 1985 for people
with drug-treated diabetes showed comparable results, with the youngest diabetes patients having
greatest risk for increased mortality and diabetic women having higher excess risk than men [16].

A collaborative multinational diabetes mortality study from the UK, USA, and Northern Europe
included data about base glucose levels and several risk factors from 97 prospective studies. In addition
to vascular disease, diabetes was associated with premature death from several cancers, infectious
diseases, external causes, intentional self-harm, and degenerative disorders, independent of major risk
factors. Fasting glucose levels exceeding 5.6 mmol/L, but not normal glucose levels (3.9 to 5.6 mmol/L),
were associated with higher risk for death [17].

Furthermore, a recently published study on data from a nationwide complex survey, NHANES,
collecting health and nutrition data from the noninstitutional civilian United States population in
1999–2010 included 15,513 participants of which 2396 were diagnosed with diabetes (mainly type 2).
The findings showed that diabetes at the baseline was associated with increased mortality risk due to
CVD, chronic lower respiratory diseases, influenza and pneumonia, and kidney disease, but not with
cancer or Alzheimer’s disease [18]. Another recent study from the USA’s national health interview
data on mortality trends found that from 1988–1994 to 2010–2015, all-cause death rates declined by
20% every 10 years among US adults with diabetes, most in men and adults aged 65–74 years of age,
but there was no decline in death rates among adults aged 20–44 years. The proportion of total deaths
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among adults with diabetes from vascular causes declined from 47.8 to 34.1%; however, this decline
was offset by increases in the proportion of deaths from non-vascular, non-cancer causes, from 33.5%
to 46.5%, suggesting upcoming implications for clinical management of diabetes patients [20].

A 24 year follow-up prospective study during 1991–2014 from the south of Sweden showed
mortality risk to be increased by 47% in T2DM patients, with excess mortality mainly attributed
to endocrine and cardiovascular cause of death with crude subdistributional hazard ratios of 5.06
(p < 0.001) and 1.22 (p < 0.001) [19].

With reference to CVD, it seems important to highlight the negative impact on diabetes survival
attributable not only to ischemic heart and cerebral diseases, but also peripheral artery disease, often
in combination with diabetic polyneuropathy, leading to lower-extremity amputations. It has been
calculated that amputation is over 10 times as likely in those with diabetes as in those without
diabetes [22]. Lower-extremity amputations are an important risk factor for mortality among diabetic
patients, both for their complications and as a predictive factor, with 5 year mortality rates among
patients with any amputation ranging from 53% to 100% [23].

While most of these epidemiological studies come from the western part of the globe, the trends
of increased diabetes mortality do not seem to differ in the east, with the risk seeming to be even higher.
A pooled analysis of 22 studies of the Asia Cohort found that people with diabetes had a 1.89 fold risk
of all-cause death compared to patients without, with the highest relative risk of death due to diabetes
(HR, 22.8; 95% CI, 18.5–28.1), followed by renal disease (HR, 3.08; 95% CI, 2.50–3.78), coronary heart
disease (HR, 2.57; 95% CI, 2.19–3.02), and ischemic stroke (HR, 2.15; 95% CI, 1.85–2.51), and several
types of cancer. Consistent with our findings, the adverse diabetes-mortality associations were more
evident among women and younger adults [24].

As in our study, a meta-analysis that looked into sex differences in the association between diabetes
and risk of CVD, cancer, and mortality of 49 prospective studies found that women had a 13% greater
risk of all-cause mortality associated with diabetes, and there was a 30% significantly greater excess
risk of CVD mortality in women with diabetes compared to men [25]. Interestingly, a study from
Taiwan found that among patients with coronary artery disease, the impact of T2DM on mortality
was consistently higher in women than in men, but the differences across sexes were not statistically
significant after 1996, that is, after the wide application of coronary stents for CVD treatment [26].

With regard to diabetes treatment, we found that patients treated with insulin had a greater
mortality risk than those treated with oral glucose-lowering medications or combination therapy.
The association has been reported in other studies [7]. This may be related more to the severity of the
disease than the treatment itself, as insulin is usually started when the disease cannot be managed by
diet and oral medications alone or if there are contraindications for oral therapy, such as kidney or
liver failure.

With regard to T2DM and risk for death from external causes, some studies found comparable
risk [7,15,16] while others showed increased risk [17,27]; however, many studies have not reported
deaths attributable to these factors. The inconclusive results warrant further investigation. It is most
likely that these causes of death may be highly affected by social, economic, and cultural differences of
the study populations.

Our study has strengths and limitations. The strengths of this study are the evaluation based on
real-life data from well-established registries [28]. This study covers the whole population of Lithuania
with a large sample size and long follow-up time, and the diagnosis of T2DM is well-defined. We even
included diabetes treatment into our analysis. By linking data from several registries, we could identify
all patients with pharmacologically treated T2DM and cover those that could have been missed by
death registry analysis alone, for whom diabetes might not be listed as an underlying cause of death in
the death certificate.

The limitations of our study are those that are common in cohort studies, such as shortage of
clinical data such as body mass index and smoking status, or bias encountered with SMR calculation,
where the true relative risk can be underestimated for relatively common diseases [29]. Furthermore,
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even though we have taken several measures to increase the specificity of identifying T2DM cases,
there still remains a possibility that some patients, especially in the youngest age group, could have
had type 1 or other types of diabetes, misclassified as T2DM. In addition, cause of death classification
is generally a clinical decision of the doctor who fills in the death certificate. This could lead to bias in
cause of death classification as deaths from CVD and kidney failure may be underestimated if part of
these diagnoses ended up in the causes of death attributable to diabetes. Finally, some variables that
are possibly associated with mortality (obesity, diabetes management, diet) may be different among
countries; therefore, the results cannot be generalizable; however, they are a piece of the puzzle in the
global picture.

5. Conclusions

In conclusion, people with T2DM in Lithuania had a 35% excess risk of mortality from all causes.
Excess mortality was substantially higher in people who were diagnosed with T2DM at a younger
age, died at a younger age, who had a longer diabetes duration, and those who required treatment
with insulin. Women had a higher risk than men in all groups according to age, time after diagnosis,
and therapy. Furthermore, both men and women with T2DM had increased risk of death from diabetes
itself, cardiovascular, infectious, digestive, and genitourinary diseases. Women had an elevated
mortality risk due to cancer and respiratory diseases as well. Therefore, excess mortality highlights the
need for more effective measures to improve the outcomes of people with T2DM.
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kompensuojamaisiais vaistais tvarkos aprašo patvirtinimo. Valstyb. Žinios 2012, 27, 1228.

15. Moss, S.E.; Klein, R.; Klein, B.E. Cause-specific mortality in a population-based study of diabetes. Am. J.
Public Health 1991, 81, 1158–1162. [CrossRef] [PubMed]

16. Koskinen, S.V.; Reunanen, A.R.; Martelin, T.P.; Valkonen, T. Mortality in a large population-based cohort of
patients with drug-treated diabetes mellitus. Am. J. Public Health 1998, 88, 765–770. [CrossRef]

17. Rao Kondapally Seshasai, S.; Kaptoge, S.; Thompson, A.; Di Angelantonio, E.; Gao, P.; Sarwar, N.;
Whincup, P.H.; Mukamal, K.J.; Gillum, R.F.; Holme, I.; et al. Diabetes mellitus, fasting glucose, and risk of
cause-specific death. N Engl, J. Med. 2011, 364, 829–841. [CrossRef]

18. Li, S.; Wang, J.; Zhang, B.; Li, X.; Liu, Y. Diabetes Mellitus and Cause-Specific Mortality: A Population-Based
Study. Diabetes Metab. J. 2019, 43, 319–341. [CrossRef]

19. Andersson, T.; Hjerpe, P.; Carlsson, A.C.; Pivodic, A.; Wandell, P.; Manhem, K.; Bengtsson Bostrom, K.
Mortality trends and cause of death in patients with new-onset type 2 diabetes and controls: A 24-year
follow-up prospective cohort study. Diabetes Res. Clin. Pr. 2018, 138, 81–89. [CrossRef]

20. Gregg, E.W.; Cheng, Y.J.; Srinivasan, M.; Lin, J.; Geiss, L.S.; Albright, A.L.; Imperatore, G. Trends in
cause-specific mortality among adults with and without diagnosed diabetes in the USA: An epidemiological
analysis of linked national survey and vital statistics data. Lancet 2018, 391, 2430–2440. [CrossRef]

21. Wright, A.K.; Kontopantelis, E.; Emsley, R.; Buchan, I.; Sattar, N.; Rutter, M.K.; Ashcroft, D.M. Life Expectancy
and Cause-Specific Mortality in Type 2 Diabetes: A Population-Based Cohort Study Quantifying Relationships
in Ethnic Subgroups. Diabetes Care 2017, 40, 338–345. [CrossRef] [PubMed]

22. Siitonen, O.I.; Niskanen, L.K.; Laakso, M.; Siitonen, J.T.; Pyorala, K. Lower-extremity amputations in diabetic
and nondiabetic patients. A population-based study in eastern Finland. Diabetes Care 1993, 16, 16–20.
[CrossRef]

23. Thorud, J.C.; Plemmons, B.; Buckley, C.J.; Shibuya, N.; Jupiter, D.C. Mortality After Nontraumatic Major
Amputation Among Patients with Diabetes and Peripheral Vascular Disease: A Systematic Review. J. Foot
Ankle Surg. 2016, 55, 591–599. [CrossRef] [PubMed]

24. Yang, J.J.; Yu, D.; Wen, W.; Saito, E.; Rahman, S.; Shu, X.O.; Chen, Y.; Gupta, P.C.; Gu, D.; Tsugane, S.; et al.
Association of Diabetes with All-Cause and Cause-Specific Mortality in Asia: A Pooled Analysis of More
Than 1 Million Participants. JAMA Netw Open 2019, 2, e192696. [CrossRef] [PubMed]

25. Wang, Y.; O’Neil, A.; Jiao, Y.; Wang, L.; Huang, J.; Lan, Y.; Zhu, Y.; Yu, C. Sex differences in the association
between diabetes and risk of cardiovascular disease, cancer, and all-cause and cause-specific mortality:
A systematic review and meta-analysis of 5,162,654 participants. BMC Med. 2019, 17, 136. [CrossRef]

http://dx.doi.org/10.1053/j.ajkd.2019.01.001
http://dx.doi.org/10.2337/diacare.22.5.756
http://dx.doi.org/10.1016/j.numecd.2017.12.007
http://www.ncbi.nlm.nih.gov/pubmed/29519560
http://dx.doi.org/10.2337/dc10-0666
http://dx.doi.org/10.3390/ijerph17010246
http://www.ncbi.nlm.nih.gov/pubmed/31905811
http://dx.doi.org/10.1007/PL00002934
http://dx.doi.org/10.1007/s00125-007-0824-8
http://dx.doi.org/10.1002/dmrr.3139
http://www.ncbi.nlm.nih.gov/pubmed/30761721
http://dx.doi.org/10.2105/AJPH.81.9.1158
http://www.ncbi.nlm.nih.gov/pubmed/1951827
http://dx.doi.org/10.2105/AJPH.88.5.765
http://dx.doi.org/10.1056/NEJMoa1008862
http://dx.doi.org/10.4093/dmj.2018.0060
http://dx.doi.org/10.1016/j.diabres.2018.01.038
http://dx.doi.org/10.1016/S0140-6736(18)30314-3
http://dx.doi.org/10.2337/dc16-1616
http://www.ncbi.nlm.nih.gov/pubmed/27998911
http://dx.doi.org/10.2337/diacare.16.1.16
http://dx.doi.org/10.1053/j.jfas.2016.01.012
http://www.ncbi.nlm.nih.gov/pubmed/26898398
http://dx.doi.org/10.1001/jamanetworkopen.2019.2696
http://www.ncbi.nlm.nih.gov/pubmed/31002328
http://dx.doi.org/10.1186/s12916-019-1355-0


Int. J. Environ. Res. Public Health 2020, 17, 6870 11 of 11

26. Lin, G.M.; Li, Y.H.; Lin, C.L.; Wang, J.H.; Han, C.L. Gender differences in the impact of diabetes on mortality
in patients with established coronary artery disease: A report from the eastern Taiwan integrated health
care delivery system of Coronary Heart Disease (ET-CHD) registry, 1997-2006. J. Cardiol. 2013, 61, 393–398.
[CrossRef]

27. Tseng, C.H. Mortality and causes of death in a national sample of diabetic patients in Taiwan. Diabetes Care
2004, 27, 1605–1609. [CrossRef]

28. Bray, F.; Ferlay, J.; Laversanne, M.; Brewster, D.H.; Gombe Mbalawa, C.; Kohler, B.; Pineros, M.;
Steliarova-Foucher, E.; Swaminathan, R.; Antoni, S.; et al. Cancer Incidence in Five Continents: Inclusion
criteria, highlights from Volume X and the global status of cancer registration. Int. J. Cancer 2015, 137,
2060–2071. [CrossRef]

29. Jones, M.E.; Swerdlow, A.J. Bias in the standardized mortality ratio when using general population rates to
estimate expected number of deaths. Am. J. Epidemiol. 1998, 148, 1012–1017. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jjcc.2013.02.007
http://dx.doi.org/10.2337/diacare.27.7.1605
http://dx.doi.org/10.1002/ijc.29670
http://dx.doi.org/10.1093/oxfordjournals.aje.a009567
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

