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Abstract 

Background  Type 2 diabetes (T2D) is associated with an increased risk of premature death. Whether multifactorial 
risk factor modification could attenuate T2D-related excess risk of death is unclear. We aimed to examine the asso-
ciation of risk factor target achievement with mortality and life expectancy among patients with T2D, compared 
with individuals without diabetes.

Methods  In this longitudinal cohort study, we included 316 995 participants (14 162 with T2D and 302 833 with-
out T2D) free from cardiovascular disease (CVD) or cancer at baseline between 2006 and 2010 from the UK Biobank. 
Participants with T2D were categorised according to the number of risk factors within target range (non-smoking, 
being physically active, healthy diet, guideline-recommended levels of glycated haemoglobin, body mass index, 
blood pressure, and total cholesterol). Survival models were applied to calculate hazard ratios (HRs) for mortality 
and predict life expectancy differences.

Results  Over a median follow-up of 13.8 (IQR 13.1–14.4) years, deaths occurred among 2105 (14.9%) participants 
with T2D and 18 505 (6.1%) participants without T2D. Compared with participants without T2D (death rate per 1000 
person-years 4.51 [95% CI 4.44 to 4.57]), the risk of all-cause mortality among those with T2D decreased stepwise 
with an increasing number of risk factors within target range (0–1 risk factor target achieved: absolute rate differ-
ence per 1000 person-years 7.34 [4.91 to 9.78], HR 2.70 [2.25 to 3.25]; 6–7 risk factors target achieved: absolute rate 
difference per 1000 person-years 0.68 [-0.62 to 1.99], HR 1.16 [0.93 to 1.43]). A similar pattern was observed for CVD 
and cancer mortality. The association between risk factors target achievement and all-cause mortality was more 
prominent among participants younger than 60 years than those 60 years or older (P for interaction = 0.012). At age 
50 years, participants with T2D who had 0–1 and 6–7 risk factors within target range had an average 7.67 (95% CI 6.15 
to 9.19) and 0.99 (-0.59 to 2.56) reduced years of life expectancy, respectively, compared with those without T2D.

Conclusions  Individuals with T2D who achieved multiple risk factor targets had no significant excess mortality risk 
or reduction in life expectancy than those without diabetes. Early interventions aiming to promote risk factor modifi-
cation could translate into improved long-term survival for patients with T2D.
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Background
Type 2 diabetes (T2D) is a global public health chal-
lenge, with approximately 537 million adults living with 
diabetes worldwide in 2021 [1]. Patients with T2D are 
susceptible to developing macro- and micro-vascular 
complications that eventually lead to high rates of mor-
tality [2, 3]. The risk of premature death in patients with 
T2D is about 2 times greater than in the general popula-
tion [4]. Current treatment of T2D comprises continuous 
medical care with comprehensive strategies for improv-
ing adverse outcomes, and modifiable risk factors are 
typically outlined as primary targets [5].

Results from randomized trials support a beneficial 
effect of multiple risk factor interventions on improving 
cardiovascular health and survival among patients with 
T2D [6, 7]. Observational studies thus far have largely 
focused on associations between multifactorial risk fac-
tor modification and cardiovascular disease (CVD) 
[8–10], and only one prospective study has shown that 
patients with T2D who had all five risk factors (smok-
ing, hemoglobin A1c [HbA1c], blood pressure, cholesterol, 
and albuminuria) within target range exhibited a margin-
ally higher risk of death than the general population [10]. 
Given that smoking was the single lifestyle factor in this 
study, whether achieving targets for other lifestyle fac-
tors such as physical activity and diet, which have been 
individually associated with all-cause mortality in T2D, 
might eliminate the residual elevated risk of death war-
rants further investigation [11]. Furthermore, in com-
parison with relative risk, life expectancy as an absolute  
quantitative measure for premature mortality is more intui-
tive regarding public health implication. However, the extent 
to which life expectancy loss associated with T2D could 
be offset by multiple risk factor modification is unclear.

To fill the critical knowledge gap, we quantified all-
cause and cause-specific mortality risk among patients 
with T2D, according to the number of risk factors 
within the guideline-recommended target range, as 
compared with individuals without diabetes from the 
large UK Biobank cohort. We also evaluated the asso-
ciation between the degree of risk factor target achieve-
ment and life expectancy in the T2D population. 
Identifying these features could help tailor appropriate 
interventions to reduce T2D-related mortality risk.

Methods
Study design and population
The UK Biobank is a prospective, population-based cohort 
of more than 500 000 participants aged 40–69 years who 

were recruited from 22 assessment centres across the UK 
during 2006–2010. Participants completed touchscreen 
questionnaires, underwent physical measurements, and 
provided biological samples, as described in detail previ-
ously [12]. The UK Biobank study received ethics approval 
from the North West Multi-Center Research Ethics Com-
mittee (reference no. 11/NW/03820). All participants 
gave written informed consent.

For this study, participants with T2D at baseline 
were identified through hospital inpatient records and 
a validated algorithm based on self-reported medical 
history and medication information [13]. Individuals 
without a previous diagnosis of diabetes but had blood 
glucose levels above the T2D threshold, defined as 
random glucose ≥ 11.1  mmol/L or HbA1c ≥ 48  mmol/
mol (≥ 6.5%) according to the American Diabetes 
Association 2010 criteria [14], were defined as undi-
agnosed cases and assumed to have T2D. The cohort 
of participants with and without T2D was constructed 
after exclusion of those with prevalent CVD or can-
cer at baseline, type 1 diabetes, or missing values of 
exposure, or those who had withdrawn from the UK 
Biobank. Prevalent diagnoses were determined via 
a combination of self-report and hospital inpatient 
records (Additional file 1: Table S1).

Data collection
Information on sociodemographic status, lifestyle, his-
tory of medical conditions, and medication use was col-
lected through touchscreen questionnaires or verbal 
interviews at baseline. Area-based socioeconomic status 
was derived from the postcode of residence using the 
Townsend deprivation index (TDI), with a lower score 
indicating a higher level of socioeconomic status [15]. 
Smoking status was self-reported and categorised as 
never, former, or current smoker. Physical activity was 
assessed using the International Physical Activity Ques-
tionnaire short form. The habitual consumption of a 
range of common food items was obtained from the food 
frequency questionnaire. Physical measurements, includ-
ing height, weight, and blood pressure, were performed 
by nurses at baseline. Body mass index (BMI) was cal-
culated as weight in kilograms divided by the square of 
height in meters. Blood pressure was measured twice for 
each individual and the mean of two readings was used. 
The standard protocols for measurements of biochemical 
markers have been described elsewhere [16], including 
HbA1c (VARIANT II Turbo Hemoglobin Testing Sys-
tem, Bio-Rad), and serum triglycerides and cholesterol 
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(AU5800 clinical chemistry analyser, Beckman Coul-
ter). Diabetes duration was calculated from the date of 
diabetes diagnosis to baseline assessment for diagnosed 
patients and assumed 0 years for undiagnosed patients.

Assessment of risk factors
Risk factors were assessed in participants with and 
without T2D. We selected seven risk factors based on 
the recommendations from the American Heart Asso-
ciation Task Force and the National Institute for Health 
and Care Excellence guidance in the UK [17, 18], and 
defined whether these risk factors were within target 
range using the following guideline-recommended tar-
get levels: no current smoking, physical activity at goal 
(≥ 150  min/week of moderate activity or ≥ 75  min/
week of vigorous activity or an equivalent combina-
tion), healthy diet (adherence to at least four of the seven 
endorsed characteristics—increased consumption of 
fruits, vegetables, whole grains, and fish and reduced 
consumption of refined grains, processed meat, and 
unprocessed meat) [19], BMI ≥ 20 and < 25  kg/m2, sys-
tolic blood pressure < 140  mmHg and diastolic blood 
pressure < 90  mmHg, HbA1c < 53  mmol/mol (< 7%), and 
total cholesterol < 5.2 mmol/L (< 200 mg/dL). A detailed 
definition of risk factors can be found in Additional 
file  1: Table  S2. We did not consider low-density lipo-
protein (LDL) cholesterol as a risk factor because evi-
dent evidence has shown that low LDL cholesterol levels 
are associated with increased mortality risk in the gen-
eral population and patients with T2D [10, 20–22]. In a 
recent study of the UK Biobank, a significant U-shaped 
relationship was also observed between LDL cholesterol 
and all-cause mortality [23].

Ascertainment of outcomes
The outcomes in the present study were all-cause mor-
tality and mortality from CVD and cancer. The date and 
cause of death were obtained from the death certificates 
of the National Health Service Information Center (Eng-
land and Wales) and the National Health Service Cen-
tral Register (Scotland). Detailed information about the 
linkage procedure is available online (https://​conte​nt.​
digit​al.​nhs.​uk/​servi​ces). Cause-specific mortality was 
ascertained using the International Classification of 
Diseases tenth Revision codes: I00-I99 for CVD mortal-
ity and C00-C97 for cancer mortality (Additional file  1: 
Table S1). At the time of analysis, person-time was cen-
sored at the date of death or the date of available death 
datasets (19 December 2022), whichever occurred first.

Statistical analyses
For the main analysis, we estimated the risk of all-cause 
and cause-specific mortality among participants with 

T2D according to the number of risk factors within target 
range compared with participants without T2D. Because 
of the limited T2D cases in extreme categories, the num-
ber of risk factors within target range were grouped into 
6 categories (0–1, 2, 3, 4, 5, and 6–7). Cox proportional 
hazards regression with age as the time scale was used to 
calculate hazard ratios (HRs) and 95% CIs for mortality. 
The proportional hazards assumption was verified using 
the Schoenfeld residuals method. All analyses were strati-
fied on birth cohort (5 year groups) to take into account 
differences in baseline hazard due to birth year and 
adjusted for sex, ethnicity, education, and TDI. Missing 
covariate data were coded as a missing indicator category 
for categorical variables. To assess whether the pattern 
of association varied by age and sex, we tested interac-
tion terms with age and sex in the adjusted models. We 
used Poisson regression to calculate covariate adjusted 
incidence rates and absolute rate differences per 1000 
person-years and 95% CIs.

Among participants with T2D, we estimated the mor-
tality risk in relation to each risk factor and the num-
ber of risk factors within target range with additional 
adjustment for diabetes duration. For analyses on indi-
vidual risk factors, all risk factors were simultaneously 
included in the models. We performed similar analyses 
among participants without T2D and tested interactions 
between the presence of T2D and the number of risk 
factor targets achieved.

The calculation of differences in life expectancy (i.e. 
years of life lost) associated with risk factors involved a 
two-step process using flexible parametric survival mod-
els. First, residual life expectancy was estimated as the 
area under the survival curve from age 45 up to 100 years 
(1-year intervals) for participants without T2D and those 
with T2D following different number of risk factor within 
target range. Second, years of life lost were calculated as 
the difference in life expectancy at any given age between 
participants without T2D and each of the risk-factor 
groups for those with T2D [24]. Flexible parametric sur-
vival models were run with the stpm2 command which 
uses restricted cubic splines to model the baseline cumu-
lative hazard [25, 26].

Several sensitivity analyses were conducted to test the 
robustness of our results. First, analyses were repeated 
with alternative definitions of risk factors, including 
use of different cutoff values for HbA1c (< 48  mmol/
mol [< 6.5%]), blood pressure (< 130/80  mm Hg), and 
BMI (≥ 20 and ≤ 30  kg/m2), inclusion of sleep dura-
tion (cutoff 7–8  h/day) as an additional risk factor, and 
consecutive exclusion of each of the seven risk factors. 
Second, we additionally adjusted for prevalent morbid-
ity and estimated glomerular filtration rate. Third, we 
repeated the analyses by redefining the reference group 
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as individuals without T2D who had different number 
(0–3, 4 [median number], or 5–7) of risk factors within 
target range. Fourth, we constructed a weighted score of 
risk factors considering the effect size for individual fac-
tors derived from the adjusted model. Fifth, to evaluate 
the influence of missing data, multiple imputation by 
chained equations was used to assign missing values for 
risk factors and covariates. We imputed five complete 
data sets and the variables that were used in the impu-
tation model included all risk factors, selected covariates 
for adjustment, diabetes status, medications, and assess-
ment center. The estimates from each imputed data set 
were pooled into one overall estimate with the use of 
Rubin’s rule. Sixth, we accounted for competing events 
by applying Fine and Gray proportional subdistribution 
hazards regression for cause-specific mortality. Seventh, 
models were rerun after excluding participants who died 
within the first 2  years of follow-up to reduce potential 
reverse causality. Finally, patients with undiagnosed T2D 
were excluded in case lifestyle might drastically change 
after the awareness of diabetes.

All statistical analyses were performed with SAS 
(version 9.4) and Stata (version 14). A two-sided P 
value < 0.05 was considered statistically significant.

Results
The study population included 316 995 participants (14 
162 with T2D and 302 833 without T2D) with complete 
data on all seven risk factors (Additional file 1: Fig. S1). 
The baseline median age was 57 (IQR 49–62) years and 
171 138 (54.0%) were women. Of the 14 162 participants 
with T2D, 594 (4.2%), 2106 (14.9%), 3947 (27.9%), 4122 
(29.1%), 2507 (17.7%), and 886 (6.3%) had 0–1, 2, 3, 4, 
5, and 6–7 risk factors within target range, respectively. 
Individuals with a higher number of risk factors within 
target range were more likely to be women, non-White, 
and have a higher education and lower socioeconomic 
deprivation (Table 1). The number of risk factors within 
target range was generally higher in participants without 
T2D than in those with T2D (Additional file 1: Fig. S2).

During a median follow-up of 13.8  years (IQR 13.1–
14.4, 4.29 million person-years), 20 610 deaths were doc-
umented, with 3902 deaths from CVD and 10 205 deaths 
from cancer. A total of 2105 (14.9%) participants with 
T2D and 18 505 (6.1%) participants without T2D died 
during the study period. Compared with participants 
without T2D, those with T2D had an increased risk of 
all-cause mortality (HR 1.60 [95% CI 1.53–1.68]), CVD 
mortality (HR 1.78 [1.61–1.96]), and cancer mortality 
(HR 1.32 [1.22–1.42]) (Additional file 1: Table S3).

As shown in Table 2 and Additional file 1: Fig. S3, the 
cumulative rate of mortality among participants with 
T2D decreased stepwise with an increasing number of 

risk factors within target range. Compared with the death 
rate of 4.51 (95% CI 4.44–4.57) per 1000 person-years 
among participants without T2D, the absolute rate dif-
ferences were 7.34 (4.91 to 9.78) and 0.68 (-0.62 to 1.99) 
for participants with T2D who had 0–1 and 6–7 risk fac-
tors within target range, respectively. In multivariable 
Cox models, compared with participants without T2D, 
the HR for all-cause mortality among participants with 
T2D gradually decreased from 2.70 (95% CI 2.25–3.25) 
in those with 0–1 risk factor within target range to 1.16 
(0.93–1.43) in those with 6–7 risk factors within tar-
get range (Fig.  1). A similar pattern of association was 
observed for CVD mortality (0–1 risk factor on target: 
HR 4.19 [3.00–5.84]; 6–7 risk factors on target: HR 1.32 
[0.84–2.08]) and cancer mortality (0–1 risk factor on tar-
get: HR 2.01 [1.48–2.74]; 6–7 risk factors on target: HR 
1.02 [0.73–1.41]).

The gradual reduction in the excess risk of all-cause mor-
tality associated with more risk factors within target range 
was greater among participants with T2D aged younger 
than 60 years (0–1 risk factor on target: HR 3.62 [95% CI 
2.75–4.75]; 6–7 risk factors on target: HR 0.73 [0.39–1.35]) 
than those aged 60 years or older (0–1 risk factor on tar-
get: HR 2.21 [1.72–2.84]; 6–7 risk factors on target: HR 
1.26 [1.00–1.58], P for interaction = 0.012; Fig.  2A). No 
significant interaction was observed with sex, even though 
the risk estimate of all-cause mortality for participants 
with T2D who had 6–7 risk factors within target range 
was attenuated toward the null in men only (Fig. 2B).

Among participants with T2D, individual risk factors 
showed an association with mortality with the excep-
tion of total cholesterol (Additional file 1: Table S4). For 
each 1-number increment in risk factors within target 
range, the HR was 0.88 (95% CI 0.85–0.91) for all-cause 
mortality, 0.79 (0.74–0.85) for CVD mortality, and 0.90 
(0.85–0.95) for cancer mortality; the graded associations 
of more risk factor targets achieved with lower mortal-
ity risk were comparable between participants with and 
without T2D (Additional file  1: Table  S5). In subgroup 
analysis among participants with T2D, consistent results 
were observed in strata of sex, education attainment, dia-
betes duration, and diabetes medication use (Additional 
file 1: Table S6). We observed interactions of risk factors 
with age and TDI on all-cause mortality and cancer mor-
tality, whereby the HR estimates per additional risk factor 
within target range were more pronounced among those 
younger than 60  years and those with high TDI (P for 
interaction < 0.05).

We estimated the differences in life expectancy asso-
ciated with T2D according to different number of risk 
factors within target range. Compared with participants 
without T2D, the life expectancy at age 50  years was 
on average 7.67 (95% CI 6.15 to 9.19) years lower for 
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participants with T2D who had 0–1 risk factor within 
target range and 0.99 (-0.59 to 2.56) year lower for those 
who had 6–7 risk factors within target range (Fig. 3A-B). 
Among participants with T2D, relative to those with 0–1 
risk factor within target range, the life expectancy at age 
50 years increased by an average of 1.30 (0.32–2.28) years 
for each additional risk factor target achieved (Additional 
file 1: Table S7).

Sensitivity analyses with a series of alternative defini-
tions of risk factors or further adjustment for estimated 
glomerular filtration rate and prevalent morbidity yielded 
consistent results with the main analysis (Additional 
file 1: Table S8). Results were similar when the reference 
group was defined as participants without.

T2D with different number of risk factors within target 
range (Additional file 1: Table S9). In additional analyses 

Table 1  Baseline characteristics of participants with and without type 2 diabetes

Data are n (%), mean (SD), or median (IQR)
a Seven risk factors that were within target range include no current smoking, physical activity at goal, healthy diet, BMI ≥ 20 and < 25 kg/m2, blood 
pressure < 140/90 mmHg, HbA1c < 53 mmol/mol (< 7%), and total cholesterol < 5.2 mmol/L (< 200 mg/dL)
b Diabetes duration was assigned as 0 years for undiagnosed patients
c Physical activity at goal was defined as ≥ 150 min/week of moderate activity or ≥ 75 min/week of vigorous activity, or an equivalent combination
d Healthy diet was defined as adequate intake of at least 4 of 7 recommended food groups

Individuals 
without 
diabetes

Individuals with type 2 diabetes

Overall No. of risk factors within target rangea

0–1 2 3 4 5 6–7

Participants 302 833 14 162 594 2106 3947 4122 2507 886

Age, years 57 (49–62) 60 (54–65) 58 (51–63) 59 (53–64) 60 (54–65) 61 (55–65) 61 (55–65) 61 (54–65)

Sex

  Female 165 553 (54.7) 5585 (39.4) 184 (31.0) 774 (36.7) 1437 (36.4) 1683 (40.8) 1103 (44.0) 404 (45.6)

  Male 137 280 (45.3) 8577 (60.6) 410 (69.0) 1332 (63.2) 2510 (63.6) 2439 (59.2) 1404 (56.0) 482 (54.4)

Ethnicity

  White 289 584 (95.6) 12 454 (87.9) 531 (89.4) 1871 (88.8) 3543 (89.8) 3582 (86.9) 2197 (87.6) 730 (82.4)

  Other 12 369 (4.1) 1652 (11.7) 62 (10.4) 224 (10.6) 395 (10.0) 525 (12.7) 296 (11.8) 150 (16.9)

  Unknown 880 (0.3) 56 (0.4) 1 (0.2) 11 (0.5) 9 (0.2) 15 (0.4) 14 (0.6) 6 (0.7)

Education

  College or university degree 106 261 (35.1) 3711 (26.2) 121 (20.4) 518 (24.6) 960 (24.3) 1100 (26.7) 700 (27.9) 312 (35.2)

  Other 194 629 (64.3) 10 284 (72.6) 462 (77.8) 1555 (73.8) 2943 (74.6) 2981 (72.3) 1778 (70.9) 565 (63.8)

  Unknown 1943 (0.6) 167 (1.2) 11 (1.8) 33 (1.6) 44 (1.1) 41 (1.0) 29 (1.2) 9 (1.0)

Townsend deprivation index -1.5 (2.9) -0.7 (3.3) -0.3 (3.3) -0.6 (3.4) -0.7 (3.3) -0.7 (3.3) -1.0 (3.2) -0.9 (3.3)

  Duration of diabetes, yearsb 2.7 (0.1–6.0) 0 (0–4.0) 2.0 (0.0–5.7) 2.8 (0–6.0) 3.0 (1.0–6.0) 3.0 (0.9–6.0) 3.0 (1.0–6.0)

Treatment

  Antihypertensive agents 45 487 (15.0) 7518 (53.1) 220 (37.0) 1014 (48.1) 2194 (55.6) 2306 (55.9) 1380 (55.0) 404 (45.6)

  Lipid-lowering agents 30 655 (10.1) 8845 (62.5) 217 (36.5) 1066 (50.6) 2426 (61.5) 2746 (66.6) 1758 (70.1) 632 (71.3)

  Oral antidiabetic agents 7405 (52.3) 213 (35.9) 1025 (48.7) 2117 (53.6) 2234 (54.2) 1342 (53.5) 474 (53.5)

  Insulin 1325 (9.4) 53 (8.9) 214 (10.2) 403 (10.2) 389 (9.4) 194 (7.7) 72 (8.1)

No current smoking 272 655 (90.0) 12 653 (89.3) 316 (53.2) 1670 (79.3) 3494 (88.5) 3869 (93.9) 2428 (96.8) 876 (98.9)

Physical activity at goalc 165 582 (54.7) 6547 (46.2) 36 (6.1) 379 (18.0) 1312 (33.2) 2194 (53.2) 1820 (72.6) 806 (91.0)

Healthy dietd 127 665 (42.2) 5571 (39.3) 21 (3.5) 243 (11.5) 967 (24.5) 1844 (44.7) 1702 (67.9) 794 (89.6)

BMI, kg/m2 27.0 (4.5) 31.3 (5.8) 32.8 (5.6) 32.7 (5.7) 32.2 (5.6) 31.2 (5.6) 30.0 (5.6) 27.6 (5.6)

BMI ≥ 20 and < 25 kg/m2 100 475 (33.2) 1513 (10.7) 6 (1.0) 32 (1.5) 164 (4.2) 403 (9.8) 486 (19.4) 422 (47.6)

Systolic blood pressure, mm Hg 137.3 (18.5) 142.3 (17.2) 153.6 (16.5) 149.5 (16.2) 145.5 (16.7) 140.5 (16.6) 135.7 (15.9) 129.5 (12.0)

Diastolic blood pressure, mm Hg 82.4 (10.1) 83.3 (9.7) 91.1 (9.7) 87.6 (9.7) 84.9 (9.4) 82.2 (9.1) 79.5 (8.7) 76.8 (7.2)

Blood pressure < 140/90 mmHg 168 240 (55.6) 6123 (43.2) 27 (4.5) 327 (15.5) 1234 (31.3) 2014 (48.9) 1712 (68.3) 809 (91.3)

HbA1c, mmol/mol 34.8 (3.7) 52.2 (14.6) 65.9 (15.6) 59.6 (16.8) 54.3 (15.1) 49.6 (12.1) 46.5 (11.1) 43.9 (7.0)

HbA1c, % 5.3 (0.3) 6.9 (1.3) 8.2 (1.4) 7.6 (1.5) 7.1 (1.4) 6.7 (1.1) 6.4 (1.0) 6.2 (0.6)

HbA1c < 53 mmol/mol (< 7%) 302 833 (100.0) 8924 (63.0) 61 (10.3) 676 (32.1) 2150 (54.5) 2996 (72.7) 2182 (87.0) 859 (96.9)

Total cholesterol, mmol/L 5.8 (1.1) 4.8 (1.2) 6.0 (1.2) 5.3 (1.3) 4.9 (1.2) 4.6 (1.1) 4.4 (0.9) 4.2 (0.8)

Total cholesterol < 5.2 mmol/L 89 407 (29.5) 9690 (68.4) 76 (12.8) 885 (42.0) 2520 (63.8) 3168 (76.9) 2205 (87.9) 836 (94.4)
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by adopting weighted score of risk factors, using multiple 
imputation for missing values of risk factors and covari-
ates, accounting for competing risk of cause-specific 
mortality, excluding participants who died during the 
first 2 years after recruitment, or restricting patients with 
T2D to diagnosed cases, the results did not substantially 
change (Additional file 1: Tables S10-S14).

Discussion
In this prospective cohort analysis based on the UK 
Biobank, the mortality risk among participants with 
T2D decreased gradually with an increasing number of 
risk factors within the recommended target range. Par-
ticipants with T2D who had 6–7 risk factors within target 
range had no significant excess risk of all-cause mortal-
ity and mortality from CVD and cancer compared with 
those without diabetes. The estimated life expectancy at 
age 50 years among participants with T2D was on aver-
age 7.7 years lower in those with 0–1 risk factor within 
target range and 0.99  year lower in those with 6–7 risk 
factors within target range than participants without 
diabetes.

To the best of our knowledge, this is the first study to 
specifically quantify the association between comprehen-
sive risk factor control and all-cause and cause-specific 

mortality among patients with T2D. Randomised tri-
als evaluating the effects of multifactorial interventions 
in T2D with death as the outcome are sparse and yield 
mixed results [6, 27–29]. In the Steno-2 trial among 160 
patients with T2D and microalbuminuria, intensive car-
diovascular risk factor intervention involving behaviour 
modification and pharmacologic treatment could halve 
mortality risk after a follow-up of 7.8  years [6]. In an 
extended follow-up of the cohort, life expectancy was up 
to 8 years longer for the intervention group [30]. By con-
trast, results from Look AHEAD (Action for Health in 
Diabetes) trial among 5145 overweight or obese patients 
with T2D showed that an intensive lifestyle intervention 
targeting weight loss did not reduce the rate of all-cause 
or cardiovascular mortality over a median follow-up of 
9.6 years [29]. Observational studies with regard to sur-
vival among patients with T2D have mainly assessed life-
style behaviours [11, 31–33], while data linking multiple 
risk factor modification with mortality are scarce. In the 
current study, we analysed a comprehensive risk factor 
profile by incorporating a total of seven lifestyle and met-
abolic risk factors to ascertain its association with mor-
tality. Importantly, we illustrated that having 6 or more 
risk factors within target range was associated with no 
excess risk of all-cause, CVD and cancer mortality among 

Table 2  Rate for mortality among participants without diabetes and participants with type 2 diabetes according to the number of risk 
factors within target range

Seven risk factors that were within target range include no current smoking, physical activity at goal, healthy diet, BMI ≥ 20 and < 25 kg/m2, blood 
pressure < 140/90 mmHg, HbA1c < 53 mmol/mol (< 7%), and total cholesterol < 5.2 mmol/L (< 200 mg/dL)
a Death rate adjusted for age, sex, ethnicity, education, and Townsend deprivation index and absolute rate difference per 1000 person-years

CVD, cardiovascular disease

Individuals 
without 
diabetes

No. of risk factors within target range among individuals with diabetes

0–1 2 3 4 5 6–7

All-cause mortality
  Deaths/person-
years

18 505/4 107 161 114/7679 355/27 489 632/51 454 582/54 140 337/32 868 85/11 758

  Death rate (95% 
CI)a

4.51 (4.44–4.57) 11.9 (9.65–14.6) 9.46 (8.38–10.7) 8.30 (7.55–9.12) 7.30 (6.61–8.05) 7.03 (6.18–8.00) 5.19 (4.04–6.67)

  Rate difference 
(95% CI)a

0 (reference) 7.34 (4.91–9.78) 4.95 (3.80–6.10) 3.79 (3.00–4.58) 2.79 (2.07–3.51) 2.52 (1.61–3.43) 0.68 (-0.62 to 1.99)

CVD mortality
  Deaths/person-
years

3389/4 107 161 35/7679 92/27 489 174/51 454 136/54 140 57/32 868 19/11 758

  Death rate (95% CI) 0.83 (0.80–0.85) 3.39 (2.31–4.97) 2.26 (1.76–2.89) 2.10 (1.74–2.54) 1.59 (1.29–1.96) 1.13 (0.82–1.55) 1.11 (0.64–1.90)

  Rate difference 
(95% CI)

0 (reference) 2.56 (1.26–3.86) 1.43 (0.87–1.99) 1.27 (0.88–1.67) 0.76 (0.43–1.10) 0.30 (-0.06 to 0.66) 0.28 (-0.32 to 0.88)

Cancer mortality
  Deaths/person-
years

9396/4 107 161 41/7679 133/27 489 241/51 454 226/54 140 132/32 868 36/11 758

  Death rate (95% CI) 2.29 (2.24–2.33) 4.56 (3.27–6.35) 3.78 (3.12–4.59) 3.38 (2.92–3.92) 3.01 (2.58–3.51) 2.92 (2.39–3.57) 2.30 (1.58–3.35)

  Rate difference 
(95% CI)

0 (reference) 2.27 (0.76–3.78) 1.50 (0.77–2.22) 1.09 (0.59–1.60) 0.72 (0.26–1.19) 0.63 (0.05–1.22) 0.01 (-0.86 to 0.88)
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patients with T2D when compared with individuals with-
out diabetes. Our results were similar to those from a 
large Swedish Diabetes Register study, in which patients 
with T2D who had all 5 risk factors on target (no smok-
ing and recommended levels of HbA1c, LDL cholesterol, 
blood pressure, and albuminuria) showed marginally 
higher risk of all-cause mortality than the general popu-
lation [10]. Given the global epidemic of T2D and asso-
ciated higher mortality risk, our findings emphasise the 
importance of promoting risk factor modification strate-
gies to facilitate survival for patients with T2D.

Consistent with the results from the Swedish Diabe-
tes Register study [10], we found that the graded asso-
ciation between the increasing number of risk factors 
within target range and lower risk of all-cause mortality 
in patients with T2D was stronger among younger indi-
viduals than older individuals. The greater reduction in 
mortality risk among younger individuals may be due to 
the age at which T2D was diagnosed [9]. Younger age at 

diagnosis of T2D is associated with higher mortality and 
cardiovascular risk [34], highlighting the need for, and 
the greater potential gains from, more aggressive inter-
ventions among younger patients with T2D, who gener-
ally had a lower number of risk factor within target range 
than older patients in this study.

Previous studies have reported the associations 
between adherence to a healthy lifestyle and lower mor-
tality risk among patients with T2D [11, 33, 35]. Our 
study extended the previous evidence by including the 
evaluation of metabolic risk factor control simultane-
ously and demonstrating a progressive reduction in risk 
of all-cause and cause-specific mortality following the 
increasing number of lifestyle and metabolic risk factors 
within target range. We observed no significant interac-
tion between the presence of T2D and risk factor targets 
achieved on mortality. Therefore, joint risk factor control 
is supposed to yield equivalent benefits in reducing the 
rate of mortality between individuals with and without 

Fig. 1  Risk of mortality according to the number of risk factors within target range among participants with type 2 diabetes compared with those 
without diabetes. Hazard ratio was estimated using Cox proportional hazards regression with age as time scale and adjusted for sex, ethnicity, 
education, and Townsend deprivation index. CVD, cardiovascular disease; HR, hazard ratio
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T2D. In addition, among individuals with T2D the pro-
tective association of lifestyle risk factors on target with 
mortality was significant across all metabolic risk factor 
categories (data not shown). Together with existing evi-
dence, our findings lend strong support to multifactorial 
risk factor intervention approaches in diabetes care and 
the implementation of lifestyle modification regardless of 
metabolic status.

Fig. 2  Risk of all-cause mortality according to the number of risk factors within target range among participants with type 2 diabetes compared 
with those without diabetes by age (A) and sex (B) categories. Hazard ratio was estimated using Cox proportional hazards regression with age 
as time scale and adjusted for sex (for analyses by age categories only), ethnicity, education, and Townsend deprivation index. Interactions with age 
and sex for the association of all-cause mortality according to the number of risk factors within target range among participants with diabetes 
compared to those without diabetes: P for interaction with age = 0.012; P for interaction with sex = 0.74. HR, hazard ratio

Fig. 3  The estimates of years of life lost by the number of risk factors within target range among participants with type 2 diabetes compared 
with those without diabetes (A) Age-specific life-year lost by the number of risk factors on target among participants with type 2 diabetes 
versus those without diabetes. (B) Years of life lost at age 50 years by the number of risk factors on target among participants with type 2 diabetes 
versus those without diabetes. Models with age as time scale were adjusted for sex, ethnicity, education, and Townsend deprivation index

Patients with T2D have significant losses of life expec-
tancy than their counterparts without diabetes [4]. As far 
as we are aware, no previous study has shown how risk 
factor control influences life expectancy among patients 
with T2D compared with the general population. Our 
result that life expectancy in T2D gradually increased 
with an increasing number of risk factors within tar-
get range was align with the finding from a recent study 
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showing an association between favourable cardiovas-
cular health and improved life expectancy [36]. Of note, 
there was no significant difference in life expectancy at 
50  years between individuals without T2D and patients 
with T2D who had 6–7 risk factors within target range. 
Our findings hold important clinical and public health 
implications suggesting that patients with T2D may have 
similar survival to the general population by achieving 
comprehensive risk factor targets across the life course.

Main strengths of this study included the large sam-
ple size and multiple data resources within the prospec-
tive UK Biobank cohort, which enabled us to perform 
detailed analyses on all-cause and cause-specific mortal-
ity in association with the combination of lifestyle and 
metabolic risk factors among patients with T2D. The 
robustness of the main results was confirmed in a range 
of sensitivity analyses. Our study also has some notable 
limitations. First, selected risk factors were evaluated at 
baseline visit, so their changes over time could not be 
captured. Nevertheless, the results remained stable after 
excluding undiagnosed patients with T2D for whom the 
lifestyle was assumed to change upon the awareness of 
diabetes. Second, since the assessment of lifestyle factors 
was mainly based on self-reported information, measure-
ment errors and misclassification were inevitable, but 
such misclassification would likely biased findings toward 
the null. Third, participants excluded from the analyses 
due to missing data on risk factors were more likely to be 
less educated and more deprived. Given that the asso-
ciation between lifestyle and mortality risk is stronger 
with higher levels of socioeconomic deprivation [37], the 
effect estimates of risk factor target achievement in this 
study might have been underestimated. Moreover, when 
we repeated the analyses using multiple imputation for 
missing exposure and covariates, the results did not alter 
appreciably. Fourth, the nature of the observational study 
precludes causal inference and a direct comparison of the 
effects of treating risk factors, since we did not distin-
guish between patients with T2D who have achieved risk 
factors within target range by receiving treatment or not. 
Fifth, using the sum of the risk factors within target range 
assumes that all risk factors are equally relevant, which 
might ignore the varying magnitudes of associations 
between individual factors and mortality risk. In sup-
plementary analysis, we generated a weighted risk factor 
score and observed similar results across weighted score 
categories. Sixth, lifestyle and metabolic risk factors might 
be influenced by severe diseases or poor health at baseline. 
Hence, we excluded participants with CVD or cancer from 
the analysis to reduce the possibility of reverse causation. 
Finally, participants in the UK Biobank were mostly White 
British. Further research is warranted to validate the 
generalisability of our findings to other ethnic groups.

Conclusions
Our results showed that the risk of all-cause and cause-
specific mortality among patients with T2D decreased 
stepwise with an increasing number of risk factors within 
target range. Patients with T2D who achieved 6 or more 
risk factors within target range had no significant excess 
risk of mortality or reduction in life expectancy com-
pared with individuals without diabetes. These findings 
highlight the need for clinical practice and public health 
interventions targeting multiple risk factors to improve 
long-term survival among patients with T2D.
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