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ABSTRACT
Introduction  Type 2 diabetes (T2D) is a common 
condition that, if left untreated or poorly managed, 
can lead to adverse microvascular and macrovascular 
complications. We estimated the prevalence and incidence 
of microvascular and macrovascular complications among 
patients newly diagnosed with T2D within a US integrated 
healthcare system.
Research design and methods  We conducted a 
retrospective cohort study among patients newly 
diagnosed with T2D between 2003 and 2014. We 
evaluated 13 complications, including chronic kidney 
disease (CKD), cardiovascular disease (CVD), and all-cause 
mortality through 2018. Multivariable Cox proportional 
hazards models were used to study factors associated with 
complications.
Results  We identified 135 199 patients with incident T2D. 
The mean age was 58 years, and 48% were women. The 
prevalence of CKD was the highest of the complications 
at the time of T2D diagnosis (prevalence=12.3%, 95% 
CI 12.2% to 12.5%), while the prevalence of CVD was 
among the lowest at 3.3% (95% CI 3.2% to 3.3%). The 
median time to incidence of a T2D complication ranged 
from 3.0 to 5.2 years. High incidence rates (95% CI) of T2D 
complications included peripheral neuropathy (26.9, 95% 
CI 26.5 to 27.3 per 1000 person-years (PY)), CKD (21.2, 
95% CI 20.9 to 21.6 per 1000 PY), and CVD (11.9, 95% CI 
11.7 to 12.2 per 1000 PY). The trend of 5-year incidence 
rates of T2D complications by diagnosis year decreased 
over time (p value<0.001). Older age, non-Hispanic white 
race/ethnicity, sex, higher A1C, smoking, and hypertension 
were associated with increased CKD and CVD incidence.
Conclusion  Though incidence rates of T2D complications 
were lower in more recent years (2010–2014), a 
significant proportion of patients had complications at T2D 
diagnosis. Earlier preventive therapies as well as managing 
modifiable factors may help delay the development and 
progression of T2D complications.

INTRODUCTION
Type 2 diabetes (T2D) is a common condition 
affecting approximately 463 million adults 
globally in 2019.1 Treatment and manage-
ment of T2D is critical since the condition 

is associated with many adverse microvas-
cular and macrovascular complications.2 
Recent changes in diabetes treatment guide-
lines highlight the importance of assessing 
common comorbidities that affect people 
with diabetes and how these may impact their 
diabetes treatment choices.3 4 With newer 
treatment options, patients with T2D may be 
able to slow the development and progres-
sion of microvascular or macrovascular 

Significance of this study

What is already known about this subject?
►► Type 2 diabetes (T2D) is a very common condition 
that, if left untreated or with no proper care, can 
contribute to the development of microvascular 
and macrovascular complications. Previous studies 
suggest that some T2D complications are preva-
lent even at the time of diabetes diagnosis, such as 
chronic kidney disease (CKD).

►► While there has been a decreasing trend of T2D 
complications, including large reductions in cardio-
vascular disease (CVD), the development of micro-
vascular and macrovascular complications remains 
a significant clinical concern for patients with T2D. 
Peripheral arterial disease, heart failure, and stable 
angina are suggested as early cardiovascular mani-
festations in patients with T2D.

What are the new findings?
►► Our findings show that a substantial proportion of 
patients had existing complications including CKD, 
stable angina, and peripheral neuropathy at the time 
of T2D diagnosis. Results also show that among 
those newly diagnosed with T2D, the highest inci-
dence rates of complications included peripheral 
neuropathy, CKD, and CVD (myocardial infarction, 
unstable angina, and stroke).

►► Time to incidence of microvascular and macrovas-
cular complications was only a few years; peripheral 
vascular disease, stable angina, CKD, and peripheral 
neuropathy developed earlier in the disease course.
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complications, such as chronic kidney disease (CKD) and 
cardiovascular disease (CVD).5

Despite the importance of comorbidities of T2D, 
there is a lack of evidence describing the natural 
progression of T2D, the prevalence and the long-term 
development of diabetes complications over time in a 
large contemporary cohort of T2D. A few US studies 
showed a decreasing trend of T2D complications over 
the last few decades with large reductions in myocar-
dial infarction (MI) and stroke in older adults.6–8 
Recent studies from Europe reported a similar trend,9 
and heart failure and peripheral arterial disease were 
suggested as the most common early cardiovascular 
manifestations.10 11

In addition to the development of new diabetes 
complications, recent studies suggest that a substantial 
proportion of patients with T2D already have diabetes 
complications at the time of diabetes diagnosis. Gatwood 
et al reported that more than 30% of veterans had CKD 
prior to being diagnosed with diabetes.12 While previous 
studies from various countries investigated the preva-
lence of T2D complications,13 many studies investigated 
the prevalence of complications cross-sectionally and 
reported only a limited number of complications, or the 
timing of prevalence was not specifically at or from the 
time of T2D diagnosis.

An understanding of when complications develop 
following diagnosis during a long-term follow-up and the 
prevalence of common diabetes complications and risk 
factors at the time of diagnosis in a large contemporary 
T2D cohort may further guide screening and treatment 
decisions.

Accordingly, in this study, we aimed to (1) estimate 
the prevalence of microvascular and macrovascular 
complications among patients with incident T2D at the 
time of diabetes diagnosis, (2) estimate the incidence of 
microvascular and macrovascular complications over 15 
years stratified by age, sex, race/ethnicity, and diabetes 
diagnosis year, and (3) investigate modifiable risk 
factors associated with microvascular and macrovascular 
complications.

METHODS
Study setting
We conducted an observational retrospective cohort 
study using data obtained from administrative and elec-
tronic health records (EHRs) of Kaiser Permanente 
Southern California (KPSC), a large US-integrated 
healthcare delivery system. KPSC currently serves approx-
imately 4.6 million members. KPSC provides medical 
services to its members through its own facilities, which 
include 15 hospitals, more than 200 outpatient facilities 
and a centralized laboratory. All clinical care and interac-
tions with the healthcare delivery system are captured in 
comprehensive EHRs.

Study population and study period
We identified KPSC members aged ≥20 years with incident 
T2D between January 1, 2003 and December 31, 2014, 
using a validated algorithm14 that incorporated inpatient, 
emergency, ambulatory care, laboratory and pharmacy 
data in EHRs. We defined the first date the algorithm 
criteria were met as the date of diagnosis (index date). 
We required patients to have a minimum of 2 years of 
continuous KPSC membership and a prescription drug 
benefit prior to the index date to minimize the likeli-
hood that patients with pre-existing diabetes entered the 
cohort. We excluded patients who had a prior history of 
any form of diabetes, had a missing date of birth, or who 
were in hospice or a skilled nursing facility in the 1 year 
prior to the index date.

We used the baseline period of 2 years before and 
6 months after the index date (a total of 2.5 years) to 
collect baseline patient demographic and clinical char-
acteristics. We included 6 months after the index date 
in the baseline period to allow for screening of diabetes 
complications. Patients were followed from 6 months 
after the index date until the outcome of interest, study 
end date (June 30, 2018), end of membership, or death, 
whichever occurred first. The incidence of each micro-
vascular or macrovascular complication was evaluated 
among patients at risk.

Demographics and clinical characteristics
Age, sex, race/ethnicity, insurance type, body mass index 
(BMI), and smoking history were extracted from the 
EHR. Baseline laboratory measures (A1C, fasting plasma 
glucose (FPG), and lipid levels), medication use (anti-
hyperglycemic agents, antihypertensive agents, other 
cardiovascular medications, and other concomitant 
medications), comorbidities (hypertension, hyperlipid-
emia, and the Charlson Comorbidity score), and health-
care use (inpatient stays and outpatient and emergency 
department visits) were obtained from EHRs.

Microvascular and macrovascular complications
We evaluated 13 microvascular and macrovascular 
complications commonly associated with T2D: MI, 
unstable angina, stroke, composite CVD (including MI, 
unstable angina, and stroke), heart failure, stable angina, 

Significance of this study

How might these results change the focus of research or 
clinical practice?

►► Understanding when complications develop following diagnosis 
and the prevalence of common diabetes complications and risk 
factors at the time of diagnosis may further guide screening and 
treatment decisions.

►► Findings also support the changes to the American Diabetes 
Association and the European Society Cardiology treatment guide-
lines, which emphasize the importance of ongoing risk assessment 
and comprehensive medical evaluations of comorbidities and com-
plications to best decide on the appropriate treatment plan.
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peripheral vascular disease, lower extremity amputa-
tion, CKD, end-stage kidney disease (ESKD), prolifer-
ative diabetic retinopathy, peripheral neuropathy, and 
all-cause mortality. All outcomes were identified from a 
combination of primary inpatient, outpatient, and emer-
gency department diagnosis codes using the International 
Classification of Diseases 9th Revision and 10th Revision codes 
or procedure codes (Current Procedural Technology, Fourth 
Edition) except for CKD, ESKD and all-cause mortality.

CKD was defined as two or more estimated glomer-
ular filtration rate (eGFR) levels<60 mL/min/1.73 m2 
at least 90 days apart by applying the Chronic Kidney 
Disease Epidemiology Collaboration equation to serum 
creatinine values. ESKD was defined as initiation of 
chronic dialysis or kidney transplant identified from the 
KPSC ESKD registry. Mortality was identified from KPSC 
hospital or administrative records, or state or federal 
mortality files.15 A definition of each microvascular and 
macrovascular complication is listed in online supple-
mental table S1.

Statistical analysis
Descriptive statistics were used to summarize baseline 
patient demographics and clinical characteristics for 
the overall population and to estimate the prevalence 
of microvascular and macrovascular complications. The 
T2D complications identified during the 2.5-year base-
line period were defined as prevalent cases.

All complications identified during the follow-up 
period were defined as incident cases. All analyses investi-
gating incidence of complications were conducted among 
patients at risk. The cumulative incidence of microvas-
cular and macrovascular complications was estimated 
using Kaplan-Meier survival analysis. The incidence rates 
per 1000 person-years were estimated using generalized 
linear regression with Poisson errors. Further stratified 
analyses of cumulative incidence were conducted by age, 
sex, and race/ethnicity. The yearly trend of incidence 
rates of 2 and 5 years were investigated by T2D diagnosis 
year. Multivariable Cox proportional hazards models 
were used to investigate baseline factors associated with 
CKD and CVD outcomes, the major outcomes of T2D 
clinical trials.5

RESULTS
We identified 135 199 patients with incident T2D. Mean 
(SD) age was 57.8 (13.2) years old; 48% were women; 
36% were non-Hispanic white; 35% were Hispanic; 13% 
were non-Hispanic Asians; and 12% non-Hispanic black. 
About 20% of patients were considered extremely obese 
(BMI≥35 kg/m2), and 21% were obese (BMI 30.0–34.9 
kg/m2) (table 1).

Diabetes detection, treatment, and comorbidities over time
A higher percentage of patients had documented FPG 
testing at baseline in earlier years (2003–2005), whereas 
a higher percentage of patients had A1C testing in later 
years (2012–2014) (table 1). Within 6 months of diagnosis 

(index date), 44.3% initiated monotherapy and 3.3% 
initiated dual therapy, while 52.3% did not initiate any 
antihyperglycemic agents. Use of other cardiovascular 
medication, such as statins, increased over time from 
28.3% in 2003–2005 to 36.1% in 2012–2014. A higher 
percentage of patients had comorbidities other than T2D 
in earlier years than in later years (≥2 Charlson Comor-
bidity score: 67.0% in 2003–2005 vs 51.1% in 2012–2014). 
A higher percentage of patients had one or more inpa-
tient and emergency department visits in 2003–2005 than 
in 2012–2014.

Prevalence of microvascular and macrovascular 
complications at diagnosis
The prevalence of CKD was the most common compli-
cation at the time of T2D diagnosis (prevalence=12.3%, 
95% CI 12.2% to 12.5%) followed by stable angina (4.6%, 
95% CI 4.4% to 4.7%), peripheral neuropathy (3.8%, 
95% CI 3.7% to 3.9%), and heart failure (3.5% 95% CI 
3.4% to 3.6%) (table  2). At T2D diagnosis, the preva-
lence of CVD was 3.3% (94% CI 3.2% to 3.3%), while the 
prevalence of lower extremity amputation, proliferative 
diabetic retinopathy, and ESKD was less than 1%.

Incidence of microvascular and macrovascular complications
Complications with the highest incidence rates included 
peripheral neuropathy (26.9, 95% CI 26.5 to 27.3 per 
1000 person-years), CKD (21.2, 95% CI 20.9 to 21.6 per 
1000 person-years), CVD (11.9, 95% CI 11.7 to 12.2 per 
1000 person-years), stable angina (7.1, 95% CI 7.0 to 7.3 
per 1000 person-years), and heart failure (7.1, 95% CI 6.9 
to 7.3 per 1000 person-years) (table 2). The median time 
to incidence of a diabetes complication ranged from 3.0 
to 5.2 years. The median time to incidence was shorter 
for peripheral vascular disease (3.0 years), stable angina 
(3.0 years), CKD (3.2 years), and peripheral neuropathy 
(3.3 years) compared with lower extremity amputation 
(5.2 years) and ESKD (5.0 years).

Incidence of microvascular and macrovascular complications 
stratified by age, sex, and race/ethnicity
When stratified by age, a higher cumulative incidence 
of CKD was observed in older patients (60.6% for age 
80+ years, 45.8% for age 65–79 years at 13 years) versus 
younger patients (19.6% for age 45–64 years, 5.2% for 
age 20–44 years at 13 years). The findings were consis-
tent for CVD (45.6% for age 80+ years, 25.0% for age 
65–79 years, 11.3% for age 45–64 years, 5.3% for age 
20–44 years at 13 years) and all-cause mortality (86.9% 
for age 80+ years, 41.3% for age 65–79 years, 11.8% 
for 45–64 years, 3.7% for age 20–44 years at 13 years) 
(figure  1). The cumulative incidence of CKD rapidly 
increased in the years immediately following diagnosis 
especially among older patients. Men had a higher 
cumulative incidence of CVD than women, whereas 
women had a higher cumulative incidence of CKD 
compared with men. Non-Hispanic white patients had 

https://dx.doi.org/10.1136/bmjdrc-2020-001847
https://dx.doi.org/10.1136/bmjdrc-2020-001847
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Table 1  Baseline characteristics of incident type 2 diabetes over time

Characteristics

Total

Index years

2003–2005 2006–2008 2009–2011 2012–2014

(N=135 199) (n=32 150) (n=33 377) (n=35 980) (n=33 692)

Age at index (years) 57.8 (13.2) 58.3 (13.5) 57.5 (13.3) 57.8 (13.1) 57.5 (13.2)

 � 20–39 11 387 (8.4) 2568 (8.0) 2851 (8.5) 3018 (8.4) 2950 (8.8)

 � 40–49 25 372 (18.8) 6079 (18.9) 6558 (19.6) 6582 (18.3) 6153 (18.3)

 � 50–59 38 999 (28.8) 9007 (28) 9748 (29.2) 10 450 (29.0) 9794 (29.1)

 � 60–69 32 730 (24.2) 7441 (23.1) 7671 (23.0) 9002 (25.0) 8616 (25.6)

 � 70–79 19 219 (14.2) 4919 (15.3) 4682 (14.0) 5067 (14.1) 4551 (13.5)

 � 80+ 7492 (5.5) 2136 (6.6) 1867 (5.6) 1861 (5.2) 1628 (4.8)

Women 64 347 (47.6) 15 007 (46.7) 15 636 (46.8) 17 209 (47.8) 16 495 (49.0)

Race/ethnicity

 � Non-Hispanic white 48 629 (36.0) 12 813 (39.9) 12 699 (38.0) 12 596 (35.0) 10 521 (31.2)

 � Hispanic 47 121 (34.9) 9714 (30.2) 11 321 (33.9) 13 164 (36.6) 12 922 (38.4)

 � Non-Hispanic Asian 16 874 (12.5) 3152 (9.8) 3714 (11.1) 4932 (13.7) 5076 (15.1)

 � Non-Hispanic black 16 809 (12.4) 4106 (12.8) 3962 (11.9) 4302 (12.0) 4439 (13.2)

 � Other/unknown 5766 (4.3) 2365 (7.4) 1681 (5.0) 986 (2.7) 734 (2.2)

Insurance type

 � Commercial 93 367 (69.1) 21 400 (66.6) 23 208 (69.5) 25 051 (69.6) 23 708 (70.4)

 � Medicare 36 547 (27) 9412 (29.3) 8730 (26.2) 9599 (26.7) 8806 (26.1)

 � Others (Medicaid, private pay) 5285 (3.9) 1338 (4.2) 1439 (4.3) 1330 (3.7) 1178 (3.5)

BMI (kg/m2)* 32.1 (7.0) 31.5 (7.2) 31.9 (7.0) 32.1 (6.9) 32.4 (7.1)

 � <25 12 074 (8.9) 371 (1.2) 3442 (10.3) 4342 (12.1) 3919 (11.6)

 � 25.0–29.9 30 276 (22.4) 732 (2.3) 8193 (24.5) 11 270 (31.3) 10 081 (29.9)

 � 30.0–34.9 27 667 (20.5) 585 (1.8) 7183 (21.5) 10 351 (28.8) 9548 (28.3)

 � 35+ 27 580 (20.4) 603 (1.9) 7071 (21.2) 9884 (27.5) 10 022 (29.7)

 � Missing 37 602 (27.8) 29 859 (92.9) 7488 (22.4) 133 (0.4) 122 (0.4)

Smoking status*

 � Current 12 992 (9.6) 3112 (9.7) 3533 (10.6) 3483 (9.7) 2864 (8.5)

 � Former 34 690 (25.7) 6096 (19) 8280 (24.8) 10 627 (29.5) 9687 (28.8)

 � Never 82 803 (61.2) 18 742 (58.3) 21 153 (63.4) 21 815 (60.6) 21 093 (62.6)

 � Missing 4714 (3.5) 4200 (13.0) 411 (1.2) 55 (0.1) 48 (0.1)

Hemoglobin A1C* 7.7 (2.1) 7.5 (2.2) 7.8 (2.2) 7.7 (2.0) 7.6 (1.9)

 � Missing 18 164 (13.4) 5767 (17.9) 5717 (17.1) 4399 (12.2) 2281 (6.8)

Fasting plasma glucose* 150.3 (60.6) 157.3 (62.3) 156.2 (62.6) 149.2 (59.7) 138.2 (55.4)

 � Missing 20 421 (15.1) 5229 (16.3) 4196 (12.6) 3998 (11.1) 6998 (20.8)

Number of antihyperglycemic agent†

 � None 70 746 (52.3) 17 614 (54.8) 16 213 (48.6) 18 253 (50.7) 18 666 (55.4)

 � 1 59 850 (44.3) 13 548 (42.1) 15 655 (46.9) 16 581 (46.1) 14 066 (41.7)

 � 2 4449 (3.3) 953 (3) 1461 (4.4) 1110 (3.1) 925 (2.7)

 � 3+ 154 (0.1) 35 (0.1) 48 (0.1) 36 (0.1) 35 (0.1)

Other cardiovascular medications‡ 44 772 (33.1) 9101 (28.3) 10 608 (31.8) 12 907 (35.9) 12 156 (36.1)

Hypertension 84 565 (62.5) 19 700 (61.3) 22 021 (66) 22 830 (63.5) 20 014 (59.4)

Hyperlipidemia 90 541 (67.0) 17 951 (55.8) 22 625 (67.8) 26 243 (72.9) 23 722 (70.4)

Lipid levels (mg/dL)*

 � Total cholesterol 200.4 (49.5) 210.3 (50.4) 204.1 (51.0) 197.7 (48.2) 190.4 (46.4)

 � LDL-C 116.8 (37.7) 123.1 (37.8) 119.0 (37.4) 114.8 (37.5) 111.0 (37.0)

 � HDL-C 45.4 (12.1) 45.8 (13.0) 44.5 (11.8) 45.9 (11.9) 45.6 (11.7)

 � Triglycerides 205.9 (224.1) 225.8 (257.2) 211.1 (244.3) 198.3 (201.6) 191.4 (191.1)

Continued
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the highest cumulative incidence of CVD and CKD, and 
the highest all-cause mortality followed by non-Hispanic 
black patients.

The cumulative incidence of other complications aside 
from CKD, CVD, and all-cause mortality is shown in online 
supplemental table S2. The cumulative incidence of the 
other complications was higher in older patients versus 
younger patients; however, the differences between age 
groups were smaller for lower extremity amputation, 
ESKD, and peripheral neuropathy. The cumulative inci-
dence of proliferative diabetic retinopathy was higher in 
younger patients compared with older patients. Men had 
higher cumulative incidence of most of the complications, 
including stroke and ESKD than women, but the differ-
ences were less than 0.5% for these two complications. 
The cumulative incidence of ESKD was highest among 
non-Hispanic black patients followed by non-Hispanic 
Asian patients. The cumulative incidence of proliferative 
diabetic retinopathy was the highest among Hispanic 
patients followed by non-Hispanic black patients.

Trends of incidence rates of microvascular and 
macrovascular complications by diagnosis year
The incidence rates of complications of 2 and 5 years were 
investigated by diabetes diagnosis year. Lower incidence rates 
of CKD and CVD were observed among patients diagnosed 
with diabetes in later years (2013–2014) compared with 
earlier years (2003–2004), and the mortality rates were lower 
in later years as well (figures 2 and 3). These lower trends 
of event rates in later diagnosis years were observed for all 
complications (online supplemental table S3).

Modifiable factors associated with microvascular and 
macrovascular complications
Several modifiable factors were associated with CKD and/or 
CVD (online supplemental table S4). Smoking status (HR of 
current smoker vs never smoked=1.17, 95% CI 1.10 to 1.24), 
a higher number of comorbidities (HR of 4 or more comor-
bidities vs diabetes alone=1.55, 95% CI 1.47 to 1.64), hyper-
tension (HR of hypertension vs no hypertension=1.60, 95% 
CI 1.53 to 1.67), and a higher baseline A1C (HR of A1C≥8% 

Characteristics

Total

Index years

2003–2005 2006–2008 2009–2011 2012–2014

(N=135 199) (n=32 150) (n=33 377) (n=35 980) (n=33 692)

eGFR (mL/min/1.73 m2)* 84.5 (22.4) 84.5 (23.8) 82.6 (22.6) 84.8 (21.6) 86.1 (21.3)

 � <60 18 072 (13.4) 4598 (14.3) 5128 (15.4) 4520 (12.6) 3826 (11.4)

 � 60–89 54 209 (40.1) 12 226 (38) 13 752 (41.2) 14 836 (41.2) 13 395 (39.8)

 � 90+ 59 277 (43.8) 13 982 (43.5) 13 603 (40.8) 15 854 (44.1) 15 838 (47)

 � Missing 3641 (2.7) 1344 (4.2) 894 (2.7%) 770 (2.1%) 633 (1.9%)

Charlson Comorbidity Score

 � 1 55 609 (41.1) 10 628 (33.1) 10 668 (32) 17 824 (49.5) 16 489 (48.9)

 � 2 37 848 (28.0) 10 888 (33.9) 9132 (27.4) 9143 (25.4) 8685 (25.8)

 � 3+ 41 742 (30.9) 10 634 (33.1) 13 577 (40.7) 9013 (25.1) 8518 (25.3)

Healthcare use

Inpatient visits§

 � None 118 870 (87.9) 27 787 (86.4) 29 237 (87.6) 31 768 (88.3) 30 078 (89.3)

 � 1–2 14 187 (10.5) 3734 (11.6) 3559 (10.7) 3709 (10.3) 3185 (9.5)

 � 3+ 2142 (1.6) 629 (2.0) 581 (1.7) 503 (1.4) 429 (1.3)

Outpatient visits§

 � None 7226 (5.3) 1770 (5.5) 1954 (5.9) 1846 (5.1) 1656 (4.9)

 � 1–4 37 037 (27.4) 8403 (26.1) 9335 (28.0) 9956 (27.7) 9343 (27.7)

 � 5–11 44 125 (32.6) 11 339 (35.3) 11 201 (33.6) 12 369 (34.4) 11 902 (35.3)

 � 12+ 46 811 (34.6) 10 638 (33.1) 10 887 (32.6) 11 809 (32.8) 10 791 (32.0)

Emergency department visits§

 � None 96 747 (71.6) 21 869 (68) 24 220 (72.6) 26 109 (72.6) 24 549 (72.9)

 � 1–2 32 303 (23.9) 8466 (26.3) 7750 (23.2) 8477 (23.6) 7610 (22.6)

 � 3+ 6149 (4.5) 1815 (5.6) 1407 (4.2) 1394 (3.9) 1533 (4.6)

Data is either n (%) or mean (SD).
*Closest to the index date.
†On or 6 months after the index date.
‡6 months before index date.
§2 years prior to the index date; other variables were determined using the 2.5 years of baseline data.
BMI, body mass index; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 1  Continued
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vs <8%=1.46, 95% CI 1.40 to 1.53) were associated with a 
higher risk of CKD. These factors were also associated with 
CVD outcomes: smoking status (HR of current smoker vs 
never smoked=1.60, 95% CI 1.50 to 1.72), a higher number 
of comorbidities (HR of 4 or more comorbidities vs diabetes 
alone=2.30, 95% CI 2.16 to 2.46), hypertension (HR of 
hypertension vs no hypertension=1.33, 95% CI 1.26 to 1.41), 

and high baseline A1C (HR of A1C≥8% vs <8%=1.19, 95% 
CI 1.13 to 1.26).

DISCUSSION
Using data from a large US integrated healthcare system, 
this study estimated the prevalence and incidence of 

Figure 1  Cumulative incidence of type 2 diabetes complications stratified by age, sex, and race/ethnicity.

Figure 2  2 Year incidence rates by type 2 diabetes diagnosis year. CKD, chronic kidney disease; CVD, cardiovascular 
disease.
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microvascular and macrovascular complications over 15 
years among patients with newly diagnosed T2D. This 
study demonstrated that a substantial proportion of 
patients had existing complications, especially CKD, at 
the time of T2D diagnosis. Although the incidence of 
microvascular and macrovascular complications signifi-
cantly decreased among patients diagnosed with T2D 
more recently, the time to incidence of these complica-
tions was still only a few years, suggesting the need for 
earlier preventive therapies.3

The current study showed that about 12% of patients 
had CKD at the time of T2D diagnosis. In addition, 40% 
had mild reduction in eGFR (60–89 mL/min/1.73 m2). 
The prevalence of stable angina, peripheral neuropathy, 
heart failure, and CVD was high, with 3%–4% for each 
compared with other conditions. This high prevalence of 
microvascular and macrovascular complications can be a 
result of hyperglycemia progression even before the clin-
ical diagnosis of diabetes, but organ damage caused by 
the presence of other comorbidities may also play a role. 
To help delay the progression of diabetes complications 
further, the study findings suggest some patients may 
benefit from earlier introduction of therapies that have 
been shown to reduce complication risk. For example, 
newer treatment options for T2D such as sodium–
glucose transport protein 2 inhibitors and glucagon-like 
peptide 1 receptor agonists have been shown to reduce 
CVD risk and to slow the progression of kidney disease.5 
These agents may be appropriate first-line therapies 
among those with prevalent diabetes complications or in 
older populations (>65 years) due to the relatively rapid 
increase in incidence of these complications in that 
population.

The current study showed that patients diagnosed with 
T2D in more recent years (2012–2014) were at lower 
risk of microvascular and macrovascular complications 
compared with patients diagnosed with diabetes in earlier 
years (2003–2005). These findings are encouraging 

and consistent with previous US and European studies 
showing a decreasing trend of diabetes complications 
in patients with T2D.6–9 Improvements in risk factor 
control, including better blood pressure control with 
more ACE inhibitor use, better lipid control with more 
statin use, and more stringent glycemic control, may be 
responsible.16

The study results provide further insights into the 
timing of microvascular and macrovascular complica-
tions among patients with incident T2D. Among patients 
at risk, the median time to incidence of diabetes compli-
cations was only 3–5 years. These findings are consistent 
with recent multinational and UK studies investigating a 
large cohort of patients with T2D. Some of the earlier 
complications included peripheral vascular disease, 
stable angina, CKD, and peripheral neuropathy. These 
findings suggest the need for at least annual screening 
for these complications beginning at T2D diagnosis. 
These are in line with guideline recommendations from 
the American Diabetes Association and the European 
Society Cardiology, which emphasize the importance 
of ongoing risk assessment and comprehensive medical 
evaluations of comorbidities and complications to 
achieve patient health goals.3 4 In addition, earlier initi-
ation of preventive therapies with individualized treat-
ment options based on the risk of diabetes complications 
may help further delay the progression of microvascular 
and macrovascular complications for high-risk patients, 
such as those aged >65 years or with comorbidities. For 
lower-risk groups such as those aged <65 years or without 
comorbidities at diagnosis, it may be appropriate to save 
newer treatment options for later use in the disease 
course as our data show that these complications develop 
gradually over time.

The current study results confirm that the cumulative 
incidence of diabetes complications differed by age, sex, 
and race/ethnicity. Consistent with other literature,17 18 
the incidence of CVD and CKD was significantly higher 

Figure 3  5-Year incidence rates by type 2 diabetes diagnosis year. CKD, chronic kidney disease; CVD, cardiovascular
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in older adults than young adults. However, younger 
patients with T2D had similar cumulative incidence 
of lower extremity amputation, ESKD, and peripheral 
neuropathy, and had a higher cumulative incidence of 
proliferative diabetic retinopathy compared with older 
patients. This may be due to higher baseline A1C levels, 
poor glycemic control over time, and poor adherence 
to regular eye exams in younger patients.12–14 Treating 
younger patients earlier and more intensively may be 
important to reduce lifetime risk for these complications. 
Moreover, this study showed that women with T2D are at 
higher risk of CKD than men, whereas men are at higher 
risk of CVD than women. These findings are generally in 
line with other study findings from various countries.19–21 
The role of sex in the development of CKD is complex,22 
and limited evidence currently exists for sex differences 
in CKD among patients with T2D. Future studies of the 
comparative impact of risk factors on CKD among men 
and women are needed.

We found racial/ethnic disparities of diabetes compli-
cations. Consistent with previous studies, we found 
racial/ethnic minorities are disproportionately affected 
by microvascular complications associated with T2D. The 
cumulative incidence of ESKD was the highest among 
non-Hispanic black patients followed by non-Hispanic 
Asian patients.23 Also, the cumulative incidence of prolif-
erative diabetic retinopathy was the highest among 
Hispanic patients followed by non-Hispanic blacks 
patients, again similar to a previous study.24 For macrovas-
cular complications, non-Hispanic whites patients are at 
a higher risk of CVD than other race/ethnicities, consis-
tent with other study findings.23 While the consistency of 
these study findings relative to other published data is 
reassuring, some of our study findings are not necessarily 
the same as those of previous studies, such as a higher 
mortality among non-Hispanic white patients compared 
with other race/ethnicities.25 It is important to note that 
our study shows cumulative incidence of diabetes compli-
cations by race/ethnicity not adjusting for other demo-
graphic, biological, behavior, and socioeconomic factors; 
therefore, the results should be interpreted with caution.

Aside from older age, race/ethnicity, and sex, several 
modifiable factors were associated with both CKD and 
CVD outcomes, including smoking status and hyperten-
sion. Our study findings also showed the increased risk of 
diabetes complications associated with higher A1C levels 
at the time of T2D, which are consistent with recent find-
ings.26 Our results underscore the importance of earlier 
identification of T2D and aggressive A1C control earlier 
in the disease course. Somewhat alarmingly, less than 
50% of the study population initiated antihyperglycemic 
agents within 6 months of their T2D diagnosis. Previous 
studies have demonstrated that delays in therapy initia-
tion are associated with poorer glycemic control, reduced 
therapy durability, and greater complication risk inde-
pendent of baseline A1C.27 28 Future studies identifying 
barriers of early treatment initiation may help to better 
address these gaps.

This study has several strengths and limitations. The 
current study used a large and ethnically diverse contem-
porary population of patients with T2D with long-term 
follow-up up to 15 years. We investigated a comprehen-
sive list of diabetes complications using EHRs. However, 
we investigated each complication in a separate at-risk 
population to estimate the incidence of diabetes compli-
cations. Patients may have multiple complications or 
may have developed multiple complications over time, 
but we did not investigate the natural progression of 
multiple diabetes complications or how they may relate 
to one another. Although the treatment of T2D may have 
affected the incidence rates of diabetes complications, 
we did not account for diabetes therapy in our analyses. 
As in other observational studies, there may be poten-
tial measurement bias to estimate the incidence rates of 
diabetes complications. Although this study used previ-
ously validated algorithms to identify incident T2D and 
to define a comprehensive list of diabetes complications, 
validation studies for some complications such as stable 
angina were not available. Lastly, this study was conducted 
in a single healthcare system among insured population, 
therefore, the incidence rates of diabetes complications 
in other populations may be different.

CONCLUSION
Patients with T2D diagnosed in recent years are at lower 
risk of diabetes complications; however, a significant 
proportion of patients already have microvascular and 
macrovascular complications at the time of diagnosis. 
The time to incidence of these complications was only 
a few years, suggesting the need for earlier and strategic 
initiation of T2D therapy. Modifiable factors associated 
with T2D complications, such as higher A1C, smoking, 
and hypertension, should be a focus of care management.
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