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Introduction

Diabetes was ranked as the eighth leading cause of death 
and disability worldwide in 2019, representing a rapidly 
growing healthcare burden that affected 460 million indi-
viduals.1,2 Global prevalence among individuals aged 20 to 
79 years was estimated at 10.5% in 2021.3 Approximately 
12% of the adult population in China has diabetes, account-
ing for nearly 1 quarter of all global cases.4 Likewise, in 
Hong Kong, 2020, the prevalence of diabetes among indi-
viduals aged 15 to 84 years was 8.5%, and it contributed to 
1.2% of all registered deaths in the city.5
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Abstract
Background: Approximately two-thirds of diabetes patients develop multimorbidity, which is associated with increased 
mortality. We aimed to examine whether, and to what extent, the time interval between pre-existing diabetes and 
a second chronic disease may be associated with the risk of mortality. Methods: We carried out a territory-wide 
nested case-control study using incidence density sampling, utilizing electronic health records from Hong Kong’s public 
healthcare facilities. Among 158 732 patients first diagnosed with diabetes from January 1, 2010 to December 31, 2012 
and subsequently developed multimorbidity as of December 31, 2019, we extracted those who died before December 31, 
2019 as case participants. For each participant, we randomly matched with up to 4 people of the same sex, multimorbidity 
age, and second chronic condition who had not died after going through the same survival period of the case participant. 
Multimorbidity interval was included as a continuous variable. We used conditional logistic regression to estimate 
adjusted odds ratios (aOR) for mortality. Results: In total, 3508 case participants were matched with 14 032 control 
participants. Conditional logistic regression showed there were 19%-reduced odds of mortality following the extension 
of multimorbidity interval by 1 year. Similar associations were observed in men, women, people aged 64 years or younger, 
and older people aged 65 years or more. Conclusions: Delayed multimorbidity among patients living with diabetes may 
be related to a lower risk of mortality. This study suggests that we should focus on mitigating and lowering the risk of 
multimorbidity in clinical management of diabetes to reduce further complication and mortality.
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Multimorbidity, most often referred to as the coexistence 
of 2 or more chronic health conditions in the same individu-
als, is shown to be increasingly prevalent in people living 
with diabetes.6-8 In China, the prevalence of multimorbidity 
among individuals with diabetes has been estimated at 
65.2%.9 Commonly observed clusters of multimorbidity 
mainly comprise conditions closely linked to the pathogen-
esis of type-2 diabetes, including hypertension, lipid metab-
olism disorders, and obesity. These conditions, together 
with those physiologically less connected diseases, repre-
sent at least part of the mechanism leading to a significantly 
increased risk of death.10 There is an evident inverse rela-
tionship between multimorbidity and quality of life (QoL),11 
with more complex clinical challenges imposed for indi-
viduals and their healthcare providers, leading to poorer 
treatment and other health outcomes.6 In addition, multi-
morbidity is consistently shown to be associated with a 
higher risk of mortality in older people.12 Considering the 
high prevalence of multimorbidity among people with dia-
betes and the increased risk of mortality among individuals 
with multimorbidity, it is crucial to implement evidence-
based strategies to reduce or mitigate the burden incurred 
by multimorbidity.

In this regard, clinicians who manage patients with dia-
betes and multimorbidity could benefit considerably from a 
temporally informed perspective of multimorbidity devel-
opment in relation to subsequent health outcomes, which is 
beyond previously known evidence on the cross-sectional 
disease clustering patterning.9 Of note, there is currently a 
lack of studies investigating the association of time interval 
between diabetes and subsequent multimorbidity with the 
risk of mortality. This study aims to use a territory-wide 
electronic public healthcare database in Hong Kong to 
determine whether, and to what extent, a longer time inter-
val between first-diagnosed diabetes and a second chronic 
disease may be associated with the risk of mortality. We 
speculate that a shorter time interval from pre-existing dia-
betes to the diagnosis of the second chronic condition may 
indicate a tighter timeframe within which health care needs 
to be provided or an intrinsically rapid deterioration of the 
physical condition; that could hence worsen the risk of mor-
tality. In this study, we hypothesize an inverse association 
between multimorbidity interval, that is the time interval 
between first-diagnosed diabetes and a second chronic dis-
ease, and mortality risks.

Methods

Data Sources

This study obtained data from Hong Kong Clinical Data 
Analysis and Reporting System (CDARS), a territory-wide 
electronic health database of admissions to all public hospi-
tals of Hong Kong, where the demographic information, 

diagnosis records, medicine records and death registrations 
of patients are available for the analysis. The CDARS is 
overseen by the Hong Kong Hospital Authority (HA), a 
public healthcare statutory body responsible for managing 
all 43 public hospitals and institutions, along with 122 out-
patient clinics throughout Hong Kong. HA plays a crucial 
role in delivering outpatient services in Hong Kong. Data 
gathered from these institutions is automatically transmitted 
to the data warehouse and subsequently relayed to the 
CDARS system for reporting, auditing, and research objec-
tives.13 All CDARS records are anonymized and thus there 
is no risk of patient identification. The reliability of data 
from the CDARS has been demonstrated in previous epide-
miological studies that used CDARS data.14

Study Design and Participants

We conducted a territory-wide nested case-control study to 
explore the assumed relation between the multimorbidity 
interval and mortality risk among adults with diabetes 
merely. We adopted the death of participants with multi-
morbidity as the outcome of the study. The underlying 
cohort comprised all individuals initially diagnosed with 
diabetes from January 1, 2010 to December 31, 2012 and 
subsequently diagnosed with another 1 of the 29 chronic 
conditions that are specified in a well-validated and widely 
used list as of December 31, 2019.15 It needs to be empha-
sized that patients with any diagnosis records of any listed 
chronic conditions 2 years before the diabetes diagnosis 
were excluded from the underlying cohort, that is, the wash-
out period was 2 years. Supplemental Table 1 displays the 
diagnostic codes used to identify chronic conditions accord-
ing to the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM). The 29 con-
ditions were atrial fibrillation, chronic heart failure, hyper-
tension, myocardial infarction, peripheral vascular disease, 
stroke or TIA, cancer (metastatic), cancer (non-metastatic), 
lymphoma, alcohol misuse, dementia, depression, epilepsy, 
Parkinson’s disease, schizophrenia, asthma, chronic kidney 
disease, chronic pain, chronic pulmonary disease, chronic 
viral hepatitis B, cirrhosis, hypothyroidism, irritable bowel 
syndrome, inflammable bowel disease, multiple sclerosis, 
peptic ulcer disease, psoriasis, rheumatoid arthritis, and 
severe constipation.

Case and Control Participant Selection

We conducted incidence density sampling for matching 
case and control participants. From the underlying cohort, 
we selected the patients who died after developing multi-
morbidity within the follow-up period as case participants. 
We defined the time interval from the date of developing 
multimorbidity (day 0) to the death date (index date) as sur-
vival period of case participants. We randomly selected 
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patients from the underlying cohort with the same age at the 
diagnosis of the second chronic condition, gender, and sec-
ond chronic condition, who had not died after the same sur-
vival period as the case participants, to serve as control 

participants matched with the case participants. Each case 
participant was matched with up to 4 control participants. 
Control participants could serve as a control up to 4 times 
and were allowed to become a case later.16

Table 1.  Participant Characteristics.

Characteristic
Control participants 

(n = 14 032)
Case patients 

(n = 3508)
Standardized 

mean differences

Demographic characteristic
  Male, n (%) 7848 (55.9) 1962 (55.9) 0.001
  Age (mean (SD)), year 74.57 (10.67) 74.57 (10.67) 0.001
  Multimorbidity interval (mean (SD)), year 2.84 (2.67) 1.60 (1.76) 0.545
Second chronic condition, n (%)
  Cardiometabolic conditions
  Atrial fibrillation 168 (1.3) 42 (1.3) 0.001
  Chronic heart failure 628 (4.8) 157 (4.8) 0.001
  Hypertension 5608 (42.9) 1402 (42.9) 0.001
  Myocardial infarction 144 (1.1) 36 (1.1) 0.001
  Stroke or TIA 656 (5.0) 164 (5.0) 0.001
  Cancer
    Metastatic 104 (0.8) 26 (0.8) 0.001
    Non metastatic 316 (2.4) 79 (2.4) 0.001
  Mental/neurological disorders
    Dementia 240 (1.8) 60 (1.8) 0.001
    Depression 136 (1.0) 34 (1.0) 0.001
    Parkinson’s disease 4 (0.0) 1 (0.0) 0.001
    Schizophrenia 12 (0.1) 3 (0.1) 0.001
  Other conditions
    Chronic kidney disease 2428 (18.6) 607 (18.6) 0.001
    Chronic pain 1308 (10.0) 327 (10.0) 0.001
    Chronic pulmonary disease 288 (2.2) 72 (2.2) 0.001
    Cirrhosis 68 (0.5) 17 (0.5) 0.001
    Hypothyroidism 12 (0.1) 3 (0.1) 0.001
    Peptic ulcer disease 28 (0.2) 7 (0.2) 0.001
    Severe constipation 916 (7.0) 229 (7.0) 0.001
Drug use in the survival period, n (%)
  Renin angiotensin system agents 9292 (66.2) 2289 (65.3) 0.020
  Beta blockers 5665 (40.4) 1844 (52.6) 0.246
  Calcium channel blockers 9603 (68.4) 2620 (74.7) 0.139
  Diuretics 4749 (33.8) 2410 (68.7) 0.744
  Nitrates 2932 (20.9) 1139 (32.5) 0.264
  Lipid lowering agents 9487 (67.6) 2061 (58.8) 0.184
  Insulins 5504 (39.2) 2283 (65.1) 0.536
  Antidiabetic drugs 12043 (85.8) 2880 (82.1) 0.102
  Antiarrhythmic drugs 315 (2.2) 403 (11.5) 0.372
  Oral anticoagulants 533 (3.8) 220 (6.3) 0.113
  Antiplatelets 6511 (46.4) 2149 (61.3) 0.301
  Steroid 1882 (13.4) 1056 (30.1) 0.413
  Antidepressants 1461 (10.4) 589 (16.8) 0.187
  Antiviral drugs 1579 (11.3) 805 (22.9) 0.314
  Antibacterial drugs 8466 (60.3) 3336 (95.1) 0.919
  Immunosuppressants 133 (0.9) 63 (1.8) 0.073

Abbreviations: Age, the age when developed multimorbidity; SD, standard deviation; TIA, transient ischemic attack.
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Exposure

The study focused on the multimorbidity interval as the pri-
mary continuous exposure of interest, measured in years. 
The multimorbidity interval was defined as the time inter-
val from the date of diagnosed as diabetes (ie, the first 
chronic disease) to the date of developing multimorbidity, 
which is marked by the diagnosis of a second chronic 
disease.

Covariates

The covariates considered in the multivariable analysis 
were the age, sex, second chronic disease (already addressed 
using case-control exact matching, thus, not included in 
multivariable regression models) and the use of the follow-
ing medication (dichotomized) during the survival period 
(included in multivariable regression models): renin angio-
tensin system agents, beta blockers, calcium channel block-
ers, diuretics, nitrates, lipid lowering agents, insulins, 
antidiabetic drugs, antiarrhythmic drugs, oral anticoagu-
lants, antiplatelets, steroid, antidepressants, antiviral drugs, 
antibacterial drugs, immunosuppressants. Supplemental 
Table 2 displays the British National Formulary (BNF) 
codes used for identifying the medications.

Statistical Analysis

Conditional logistic regression was employed to calculate 
the adjusted odds ratio [adjusted OR (aOR), with 95% con-
fidence interval (CI)] of death among patients with different 
multimorbidity intervals. Subgroup analysis was performed 
on men, women, individuals aged 65 years or older, and 
those younger than 65 years. Additionally, stratified analy-
sis was carried out for each of the second chronic conditions 
to explore any variations in mortality risk related to the 
multimorbidity interval among different disease groups 
(potential effect modifier). Sensitivity analyses were con-
ducted to check for any influence from (1) those who used 
insulins within 1 year leading up to the date of diabetes 
diagnosis or (2) those who developed multimorbidity 

3 months after diabetes diagnosis to the results by removing 
those people from the main analysis. These post-hoc sensi-
tivity analyses were conducted to test for the robustness of 
the results given the potential biases from a delayed record 
of diabetes diagnosis and detection bias respectively.

Python (Version 3.9.13) and R (Version 4.2.1) were used 
to perform statistical analysis. The statistical tests were 
2-tailed, with P values of <.05 considered statistically 
significant.

Results

Figure 1 illustrates the participant selection procedures. 
Among the 158 732 patients diagnosed with diabetes from 1 
January 2010 to 31 December 2012, there are 31 299 
patients whose first chronic condition is diabetes, after the 
exclusion of 127 429 patients with any 1 of the listed 30 
chronic conditions within 2 years before the date of diabetes 
diagnosis and the exclusion of 4 patients without birthday 
information. Among the 19 987 patients with age over 
18 years when developing multimorbidity as of 31 
December 2019, 3508 unique patients dying before 31 
December 2019 were chosen as the mortality case partici-
pants and were paired with 14 032 survival control partici-
pants of the same multimorbidity age by year, gender, and 
new chronic condition diagnoses at the date of developing 
multimorbidity, who kept survival after going through the 
same survival period of the case.

Sample Characteristics

Table 1 displays the sample characteristics frequencies cate-
gorized by case and control status, along with the standard-
ized mean differences computed between the 2 groups. Most 
characteristics were similar between case and control partici-
pants, except for the multimorbidity interval, which exhibited 
a standardized mean difference exceeding the commonly 
used threshold of 0.1, indicating a significant difference. The 
average age of the sample was about 75 years, with males 
making up approximately 56% of the group. As the most 

Table 2.  Results of Conditional Logistic Regression Examining the Association of Multimorbidity Interval and Risk of Mortality.

Control participates, n (%) Case patients, n (%) Crude OR (95% CI) Adjusted OR (95% CI)a

Overall 14032 (100) 3508 (100) 0.78 (0.77-0.80) 0.81 (0.79-0.83)
Male 9676 (55.2) 2419 (55.2) 0.79 (0.77-0.81) 0.83 (0.80-0.85)
Female 7860 (44.8) 1965 (44.8) 0.77 (0.74-0.79) 0.78 (0.75-0.81)
Age <65 years 3120 (17.19) 780 (17.19) 0.79 (0.76-0.83) 0.81 (0.76-0.86)
Age ≥65 years 14416 (82.21) 3604 (82.21) 0.78 (0.76-0.80) 0.81 (0.79-0.83)

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted variables include renin angiotensin-system-agents, beta blockers, calcium channel blockers, diuretics, nitrates, lipid lowering agents, 
insulins, antidiabetic drugs, antiarrhythmic drugs, oral anticoagulants, antiplatelets, steroid, antidepressants, antiviral drugs, antibacterial drugs, and 
immunosuppressants prescribed within the period from the date of developing multimorbidity (day 0) to index date.



Liu et al	 5

prevalent condition, more than 40% of the sample were diag-
nosed with hypertension as the second disease constituting 
multimorbidity, followed by chronic kidney disease in 
slightly more than 18% of the patients, and chronic pain was 
present in approximately 10% of the sample. The drug use of 
cases and controls are dissimilar. Case participants show a 
higher frequency of using antibacterial drugs, antidiabetic 
drugs and diuretics during their survival periods compared 
with other medications, whereas antidiabetic drugs, calcium 
channel blockers and lipid lowering agents were 3 of the 
most frequently used medications among the controls.

Association of Multimorbidity Interval With 
Mortality

Table 2 displays the main analysis and subgroup analysis 
based on age and gender. Overall, conditional logistic 
regression indicated that the risk of mortality reduces by 
approximately 19% with the extension of multimorbidity 
interval by 1 year [95% confidence interval (CI) 17%-21%] 
after adjusting the medications prescription listed in the 
Supplemental Table 2 within the period from the date of 
developing multimorbidity (day 0) to index date. Similar 

correlations were calculated in men [adjusted odds ratio 
(aOR) for multimorbidity interval: 0.83, 95% CI 0.80-
0.85], in women (aOR for multimorbidity interval: 0.78, 
95% CI 0.78-0.81), in people aged 64 years or younger 
(aOR for multimorbidity interval: 0.81, 95% CI 0.76-0.86), 
in older people aged 65 years or more (aOR for multimor-
bidity interval: 0.81, 95% CI 0.79-0.83). Figure 2 displays 
the stratified analysis by second disease, that is, the new 
chronic condition diagnosis after diabetes that makes the 
person identified as having multimorbidity, with largely 
similar results with the main analysis. Supplemental Table 
3 presents the sensitivity analysis that eliminated those 
who used insulins within 1 year prior to the date of diabetes 
diagnosis from the underlying cohort of main analysis, 
since the diabetes patients who used insulins before diabe-
tes diagnosis might have delayed diabetes diagnosis and 
underestimated multimorbidity interval. Supplemental 
Table 4 shows the sensitivity analysis that eliminated those 
who developed multimorbidity 3 months after diabetes 
diagnosis from the underlying cohort of main analysis, 
since the diabetes patients who developed multimorbidity 
in really short time probably already had multimorbidity 
previously, but they had not diagnosed with multimorbidity 

Figure 1.  Flow diagram showing the selection of case and control participants.
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until a series of physical examinations following the diabe-
tes diagnosis.

Discussion

In this territory-wide nested case-control study involving 
20 000 patients with diabetes and multimorbidity in Hong 
Kong, we estimated a modest decrease in the mortality risk 
of about 20% following a 1-year extended multimorbidity 
interval between diabetes and the other disease. The result 
is consistent across various subgroups, including men, 
women, older adults, younger adults, and different disease 
groups (secondary chronic conditions). Our hypothesis 
regarding the link between an extended multimorbidity 
interval and the risk of mortality is, therefore, well sup-
ported by the data.

Impacts of multimorbidity on the risk of mortality and 
other adverse health outcomes, such as hospitalization, are 
consistently observed and well-established in the existing 
literature.17-19 It has been shown, using real-world evidence, 
that continued care for the prevention and management of 
multimorbidity is highly important in lowering the risk of 
mortality.20-22 In addition, there has been research showing 
the varying impacts of different multimorbidity patterns on 

mortality risks.23-26 This study, nevertheless, is the first to 
investigate similar such impacts of the length of time inter-
val between pre-existing diabetes and subsequent multi-
morbidity on the risk of mortality. This study quantified the 
potential protection against mortality from a delayed multi-
morbidity incidence among patients living with diabetes. 
Our findings suggest that clinical management of diabetes 
should focus on mitigating and lowering the risk of devel-
oping multimorbidity to reduce further complications and 
mortality. This implication is of high importance because 
multimorbidity is not only indicative of the healthcare bur-
den in the population, but is also known to be an important 
risk factor of mortality.12 This quantification of the reduced 
mortality risks associated with delayed multimorbidity of a 
wide variety will enable clinicians to better assess the risk 
and benefits of different treatment options and more accu-
rately project the prognosis of patients with diabetes.

There could be various pathways or mechanisms under-
lying the association between an extended multimorbidity 
interval and a reduced mortality risk among people living 
with diabetes. In comparison to patients with shorter multi-
morbidity interval, those patients who experienced a longer 
interval before developing the second chronic condition are 
usually characterized by better physical conditions, better 

Figure 2.  Stratified analysis by the second chronic condition.
Abbreviations: CI, confidence interval; OR, odds ratio; TIA, transient ischemic attack.
*Adjusted variables include renin angiotensin-system-agents, beta blockers, calcium channel blockers, diuretics, nitrates, lipid lowering agents, 
insulins, antidiabetic drugs, antiarrhythmic drugs, oral anticoagulants, antiplatelets, steroid, antidepressants, antiviral drugs, antibacterial drugs, and 
immunosuppressants prescribed within the period from the date of developing multimorbidity (day 0) to index date.
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health awareness, and potentially also better disease man-
agement with regular follow-up, which accounts for the 
lower risk of mortality. Nevertheless, it is also possible that 
the diagnosis of diabetes was delayed in the first place and 
the disease progressed without proper management until it 
was detected or symptomatic presentation at a later stage. 
The risk of complications and second chronic diseases thus 
markedly increased. For these patients, it might not be clear 
whether further interventions to slow multimorbidity inci-
dence would be as beneficial in reducing the risk of mortal-
ity. Multimorbidity patterns that include diabetes and 
related diseases, cardiometabolic multimorbidity, are shown 
in previous research to be associated with the highest risk of 
mortality compared with other patterns.24 Since the diseases 
included in these patterns are typically physiologically 
related to diabetes, the probability of it developing and get-
ting diagnosed is significantly higher, and time required for 
this incidence of the second disease would be much shorter 
as well.24 In our study, for example, more than 40% of mul-
timorbidity patients were diagnosed with hypertension after 
diabetes, which falls under the definition of cardiometa-
bolic multimorbidity pattern. This could also be an explana-
tion for the observed association.

There are some clear critical strengths in this study. First, 
this study utilized CDARS, a comprehensive database with 
standardized recording and coding protocols that cover over 
80% of the total population in Hong Kong.27 The trustwor-
thiness of the electronic health records obtained from public 
healthcare facilities in Hong Kong has been previously vali-
dated.28-30 Second, licensed doctors utilized an extensive, 
tertiary-wide electronic health record system to establish 
diagnoses and document prescriptions. The diagnoses 
records in this system have been rigorously validated, 
affirming their accuracy and completeness. Therefore, any 
potential biases introduced by the coding system are kept to 
a minimum.31

However, it is also important to interpret certain limita-
tions with caution. First, as with any observational study 
lacking randomization, we could not completely eliminate 
all potential confounding factors, particularly those stem-
ming from residual confounders. The data used in this 
study did not include lifestyle factors and various biomark-
ers that could be linked to the risk of multimorbidity, such 
as HbA1c, blood pressure, tobacco use, and exercise, etc. 
The severity of diabetes at the time of diagnosis was also 
not observed and thus not included as a potential con-
founder in the analysis. Second, while the list of diseases 
used to define multimorbidity is well-validated,15 it is not 
comprehensive, but prior studies has indicated that includ-
ing more than 12 diseases does not significantly alter the 
prevalence of multimorbidity.32 Third, the database utilized 
in this study exclusively encompasses public health care 

services in Hong Kong. Therefore, patients who sought 
care solely in the private sector are not included in this 
study. Fourth, the different drug dosages were not consid-
ered in analyses, which may affect the magnitude of the 
association. Fifth, the Hong Kong population is predomi-
nantly of ethnic Chinese descent, necessitating the valida-
tion of the findings in other populations. Sixth, we did not 
examine how multimorbidity intervals between the first 2 
diseases might be associated with the risk of developing 
the third and fourth diseases. Further studies should exam-
ine this association and explore the potential of such an 
association as a mediating factor between multimorbidity 
intervals and mortality. Seventh, we only examined those 
who had diabetes and then developed a second disease 
without considering other possible sequences of multimor-
bidity development. Further studies should consider this 
important aspect of multimorbidity exposure and its impact 
on health outcomes. Last but not least, as a result of the 
case-control design, the study was unable to determine the 
incidence (absolute risk) of multimorbidity. Future cohort 
studies are required to ascertain this information.

Conclusions

In conclusion, we found that delayed multimorbidity inci-
dence among diabetes patients may be related to a lower 
risk of mortality, with approximately 20%-decrease associ-
ated with 1 year of delayed multimorbidity. Emphasis 
should be placed on comprehensive health management of 
diabetes patients when allocating medical resources and 
health services to slow multimorbidity incidence. Further 
research should investigate interventions that aim at such a 
delay and examine how that may be related to a better sur-
vival among people with diabetes.
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