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Abstract

Introduction: Reduced specialist outpatient clinic (SOPC) services during COVID-19

waves may have increased the risk of mortality and complications in patients with

diabetes mellitus (DM). Evidence on whether alternative modes of service have miti-

gated these risks is lacking.

Methods: In this population-based, retrospective cohort study in Hong Kong, we

included patients with DM between 2010 and 2019 and had internal medicine SOPC

visits in 2019. We identified modes of care (SOPC, primary care clinics and drug-refill

service) of these patients in 2020 and followed them from January 2021 to June

2024. Cox proportional hazards models were used to estimate risks of all-cause mor-

tality and complications.

Results: Among 96 372 patients, SOPC follow-up disruptions in 2020 were associ-

ated with a higher risk of all-cause mortality (hazard ratio [HR] 1.20, 95% CI 1.12–

1.29) and cardiovascular diseases (CVD) incidence (HR 1.12, 95% CI 1.05–1.20).

Among those affected by SOPC follow-up disruptions in 2020, patients who had

attended primary care clinics in 2020 had a lower risk of all-cause mortality (HR 0.72,
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95% CI 0.60–0.87) and CVD (HR 0.84, 95% CI 0.72–0.99) than those without any pri-

mary care clinic attendance visits.

Conclusion: SOPC service disruption was associated with increased risk of mortality

and CVD among patients with DM. Primary care clinic service could be a beneficial

alternative mode of service to attenuate the excessive risk. These findings support a

policy that follow-up at primary care clinics should be provided for patients with DM

when SOPC service is disrupted in future public health crises.
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1 | INTRODUCTION

Diabetes mellitus (DM) is a common non-communicable disease (NCD)

and has become a major public health challenge, affecting 463 million

people worldwide.1 DM is associated with greater risks of cardiovascu-

lar diseases (CVD) and premature mortality. To reduce or delay the

development of complications or mortality, international clinical prac-

tice guidelines recommend individuals with DM have a comprehensive

medical evaluation at least annually, including medication adjustment,

laboratory tests, and assessments of complications.2–4 In Hong Kong,

people with DM in stable or mild conditions are managed by primary

care, while complicated or severe cases are referred to specialist ser-

vices.3,5 A DM care report conducted by the Hong Kong Hospital

Authority (HA), a statutory body that provides all the public health care

in Hong Kong, showed that 36.7% of the patients with DM were under

care in specialist services in 2019–2020.6

Visits to routine medical care for patients with DM were affected

globally during the coronavirus disease 2019 (COVID-19) pandemic.7

In Hong Kong, publicly provided specialist outpatient clinic (SOPC)

services were reduced after the first confirmed local COVID-19 case

to focus the manpower and healthcare resources on the challenge of

the pandemic.8 There are concerns that disruptions to SOPC follow-

up in patients with DM may have led to suboptimal glycaemic control

and other unmet medical needs, consequently increasing risks of CVD

and mortality.

Primary care services were largely maintained during the COVID-

19 pandemic in Hong Kong, which served as alternative modes of care

for SOPC patients with DM. A meta-analysis showed that structured

care in primary care for people with DM is a good substitute and

achieves metabolic control similar to SOPC, at least in the short term.9

In addition, prior studies indicated that drug-refill service, defined as

repeat dispensing of medication without clinic attendance, was associ-

ated with better glycaemic control for patients with DM than those

who did not receive refills.10 However, it is still uncertain whether pri-

mary care clinic visits or drug-refill services could reduce the risk of

mortality and complications in patients with DM affected by SOPC

disruptions during the COVID-19 pandemic in Hong Kong.

Using a population-based retrospective cohort of patients in

Hong Kong, we aim to examine the association of disrupted SOPC

service and alternative modes of care with all-cause mortality, CVD,

and kidney failure incidence among SOPC patients with DM. The find-

ings can not only suggest a preferable approach to ongoing manage-

ment of patients with DM, but also inform health policies about the

contingency care plans in future public health crises.

2 | METHODS

2.1 | Study design and population

We conducted a retrospective cohort study using electronic medical

records extracted by the Statistics and Data Science Department of

the Hospital Authority (HA) from their Clinical Management System,

which provided comprehensive, high-quality data. The HA is the sole

public health care services provider in Hong Kong, managing 43 public

hospitals and institutions, 49 SOPCs and 74 general outpatient clinics

(GOPCs).11 In the 2020–2022 Population Health Survey in Hong

Kong, 86% of the patients with DM had medical follow-up at public

clinics or hospitals.12 We included patients who were diagnosed with

DM from January 2010 to December 2019 and had at least one doc-

tor consultation in an internal medicine SOPC in 2019. Patients with

DM were identified based on the International Classification of Pri-

mary Care (ICPC) and International Classification of Diseases, Ninth

Revision, Clinical Modification (ICD-9-CM) (Table S1). Patients were

excluded if they were aged <18 years or were diagnosed with CVD or

kidney failure on or before December 2020. Patients were observed

from 1 January 2021 (baseline) until one of the following: (1) date of

death, (2) date of outcome of interest, or (3) the last follow-up date

under the Hospital Authority on or before June 2024. The study

design is illustrated in Figure 1.

2.2 | Definition of exposure and comparator
groups

We identified the use of modes of service, including internal medicine

SOPC, primary care clinics, and drug-refill service, for patients with

DM from January to December 2020. The internal medicine SOPC in

Hong Kong provides specialist consultation services to complicated or

severe diabetic patients, such as patients with complications or
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features of endocrinopathies, those aged <30 years, and pregnant

women, who are referred by GOPCs, private practitioners, or family

doctors.5 SOPC does not include family medicine clinics; family medi-

cine clinics are grouped with GOPC as primary care clinics in Hong

Kong. Patients with disrupted SOPC services can have access to fam-

ily medicine (FM) clinics. There is an overlap between doctors' training

and experience in the FM clinics and GOPC, with most being special-

ists and trainees in family medicine. A small proportion (<10%) of doc-

tors in the GOPC are primary care service doctors without any

postgraduate speciality training. There are no non-general practitioner

specialists working in FM clinics or GOPC. The main differences

between the FM clinics and GOPC are the drug formularies and access

to special investigations, for example, CT scan. Patients with DM are

normally managed by the doctor, supported by a multidisciplinary team

(MDT) of nurses, pharmacists, optometrists, dieticians, and other health

professionals in both SOPC and primary care clinics in Hong Kong. In

Hong Kong, public hospitals or clinics have been providing telehealth

services to patients during the COVID-19 pandemic. The SOPC or pri-

mary care clinic services delivered through tele-consultation were also

counted as the SOPC or primary care clinic attendance in our analyses.

We defined disruption of the internal medicine SOPC service in 2020

as the absence of doctor consultation records in the internal medicine

SOPC in 2020. The comparator group was patients who attended the

internal medicine SOPC in 2020. For patients with DM affected by

SOPC follow-up disruptions, alternative modes of service for SOPC

include primary care clinics and drug-refill services. Primary care clinic

attendance was defined as any doctor consultation records in GOPCs.

Drug-refill service, defined as repeating dispensing medication without

clinic attendance, was identified by drug prescription records without

doctor consultation in the same month in SOPC or primary care clinics.

Primary care clinics and drug-refill services were not exclusive services.

2.3 | Outcomes

The primary outcome of this study was all-cause mortality. Secondary

outcomes included the incidence of CVD and kidney failure. CVD was

defined as the first occurrence of coronary heart disease (CHD),

stroke, or heart failure (HF), which were identified using ICD-9-CM or

ICPC-2 codes (Table S1). Kidney failure was defined by ICD-9-CM

codes or estimated glomerular filtration rate (eGFR) <15 mL/

min/1.73 m2 (Table S1).

2.4 | Baseline covariates

The baseline covariates included sex, age, smoking status (yes or

no), blood pressure (BP), glycated haemoglobin (HbA1c), lipid pro-

file (low-density lipoprotein cholesterol [LDL-C]; high-density

lipoprotein cholesterol [HDL-C]; total cholesterol; triglyceride),

body mass index (BMI), eGFR (calculated by the 2009 Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-

tion13), urine albumin-to-creatinine ratio, Charlson Comorbidity

Index (CCI), disease duration, comorbidities (yes or no; hyperten-

sion), medication use (yes or no; insulin, oral antidiabetic drugs,

lipid-lowering drugs, renin-angiotensin-system blockers, beta

blockers and other antihypertensive drugs), and healthcare utili-

sation in 2020, including internal medicine SOPC (frequency), pri-

mary care clinics (frequency), drug-refill services (frequency),

accident and emergency (A&E) (yes or no) and hospital admission

(yes or no). The smoking status in the datasets classifies people

into “smoker”, “non-smoker” and “unknown”. We assigned peo-

ple with unknown smoking status to the “non-smokers” group. All
the disease definitions of baseline characteristics are listed in

Table S1.

2.5 | Statistical analysis

Descriptive baseline characteristics were presented as mean ± SD for

continuous variables or number (percentage) for categorical variables.

As for missing baseline variables, we applied multiple imputations

using the “mi impute” command in Stata to address the potential

selection bias from incomplete variables. The chained equation

F IGURE 1 Study design. COVID-19, coronavirus disease 2019; CVD, cardiovascular diseases; DM, diabetes mellitus; SOPC, specialist
outpatient clinic.
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method was used to impute five times for each missing value,14 and

the results were combined based on Rubin rules.15

Differences in baseline characteristics between patients with and

without visits to internal medicine SOPC, primary care clinics

and drug-refill service in 2020 were assessed using chi-square tests

for categorical variables or independent t tests for continuous vari-

ables. Incidence rates of all-cause mortality, CVD, and kidney failure

(cases per 1000 person-month) were calculated. The multivariable-

adjusted Cox proportional hazards models were used to estimate the

hazard ratios (HRs) and 95% confidence intervals (95% CIs) for out-

come events between patients with and without visits to internal

medicine SOPC and alternative modes of care. The assumption of pro-

portional hazards was checked by the plots of the scaled Schoenfeld

residuals against time for the covariates. We examined the changes in

HbA1c from baseline to 2023 within groups (SOPC attendance and

SOPC follow-up disruption) using the generalized estimating equation

model and adjusting for baseline covariates. In addition, subgroup

analysis was conducted by age (<65 and ≥65 years), sex (female and

male), CCI (<2 and ≥2), disease control (HbA1c <7% and ≥7%), eGFR

(<60 and ≥60 mL/min/1.73 m2) and smoking status (smoker and non-

smoker). Five sensitivity analyses were conducted: (1) conducting a

competing risk Cox regression by using the Fine-Grey model, with

death considered as a competing risk; (2) excluding patients with

COVID-19 to minimise the impact of SARS-CoV-2 infection on out-

comes of interest (the case definition of COVID-19 is shown in

Table S1); (3) including patients with at least 1 year of follow-up;

(4) including only patients who had at least one SOPC follow-up from

2021 to 2024; (5) using fine stratification weights to minimise the

potential confounding and improve the balance between groups. This

method generated strata based on the propensity score before calcu-

lating the weights within each stratum. Multivariable logistic regres-

sion, adjusting for baseline characteristics, was applied to estimate the

propensity score. All statistical tests were two-sided, and the results

were considered significant when the p-value was <0.05. All statistical

analysis was performed by Stata version 16.1/MP.

3 | RESULTS

A total of 96 372 patients with DM who had internal medicine SOPC

attendance in 2019 were included in the analysis. The patient inclu-

sion flow is illustrated in Figure S1. Table 1 shows the baseline charac-

teristics of patients with DM. The mean (SD) age of the patients was

67.0 (13.2) years, with 47 839 (49.6%) of them being male. Among

them, 82 412 (85.5%) attended doctor consultations in internal medi-

cine SOPC from January to December 2020, and 13 960 (14.5%) did

not. Among patients with SOPC attendance in 2020, 51.0%, 52.7%,

and 52.1% of the patients achieved HbA1c <7% (American Diabetes

Association glycaemic goal) in 2021, 2022, and 2023, respectively.

Their median follow-up interval in 2020 was 4 (IQR: 4–6) months,

with an average of 2.76 (SD: 1.58) SOPC visits. Among those who had

disruption of SOPC follow-up in 2020, 10 299 (73.8%) patients

had primary care clinic doctor consultation with a mean (SD) frequency

of 4.0 (2.2) (Table S2). Among 13 960 patients who were affected by

SOPC follow-up disruption in 2020, 5331 (38.2%) patients had at least

one SOPC follow-up in 2021–2024. Of the remaining 8629 patients

without any SOPC follow-up in 2021–2024, 6629 (76.8%) patients had

at least one doctor consultation in primary care clinics during 2021–

2024. The baseline characteristics of patients with DM who had disrup-

tion of SOPC visit and used the drug-refill service, or did not, are shown

in Table S3. The data completion rates for baseline covariates are

shown in Tables S4 and S5.

Table 2 shows the association between SOPC follow-up disrup-

tion and all-cause mortality, the incidence of CVD, and kidney failure.

Over a follow-up of 3 851 768 person-months, the total number of

death events was 9848. Compared with those who continued SOPC

follow-up in 2020, patients who did not visit SOPC had a 20%

(HR 1.20, 95% CI 1.12–1.29) higher risk of all-cause mortality, a 12%

(HR 1.12, 95% CI 1.05–1.20) higher risk of overall CVD incidence, an

18% (HR 1.18, 95% CI 1.04–1.35) higher risk of HF incidence and

an 11% (HR 1.11, 95% CI 1.00–1.24) higher risk of kidney failure inci-

dence. There was no significant association between disruption of

SOPC follow-up and kidney failure incidence.

Table 3 shows the association between alternative modes of care

and all-cause mortality, incidence of CVD, and kidney failure among

those who had disruption of SOPC in 2020. Primary care clinic doctor

consultations were associated with a 28% (HR 0.72, 95% CI 0.60–

0.87), 16% (HR 0.84, 95% CI 0.72–0.99), and 35% (HR 0.65, 95% CI

0.46–0.93) lower risk of all-cause mortality, CVD, and HF incidence,

respectively, compared with those without any primary care clinic

doctor consultations. We found no association between drug-refill

service and the risk of mortality, CVD, or kidney failure.

The HbA1c changes from baseline to 2023 were not significant in

either patients with SOPC attendance in 2020 (mean difference [95%

CI]: �0.004% [�0.013%, 0.005%], p = 0.366) or those with SOPC

follow-up disruption in 2020 (mean difference [95% CI]: 0.014%

[�0.009%, 0.036%], p = 0.229). The difference in HbA1c changes

between groups was not significant (difference in difference [95% CI]:

0.018% [�0.006%, 0.042%], p = 0.145).

Subgroup analyses were conducted on the outcomes of all-cause

mortality, overall CVD, and kidney failure, as shown in Figure S2. The

results were largely consistent with the main analysis for different

subgroups. Among these subgroups, patients with a CCI of 2 or over

were more likely to die if they had SOPC disruption, compared with

their opposing subgroups. Among those who had SOPC disruption,

patients who were female and aged 65 or over received more benefit

from primary care clinics than their opposing subgroups. In addition,

the results from sensitivity analyses were similar to the main analysis,

as shown in Tables S6–S15.

4 | DISCUSSION

In this population-based cohort study of SOPC patients with DM, we

found that SOPC follow-up disruption was associated with a greater

risk of all-cause mortality and CVD incidence. In patients who did not

4 YAU ET AL.
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visit SOPC in 2020, patients who had primary care clinic doctor con-

sultations showed a lower risk of all-cause mortality and HF than

those who did not, while drug-refill service was not associated with

risk reductions of complications and mortality. The results inform

healthcare policy that primary care clinics have a beneficial effect on

patients with SOPC disruption and can serve as a beneficial alterna-

tive mode of care in future public health crises.

We found that patients with DM who did not have doctor consul-

tations in SOPC had an increased risk of CVD and all-cause mortality.

Higher rates of CVD and mortality among patients with DM were

reported during the COVID-19 pandemic, but these studies did not

examine the contribution of disrupted outpatient services to the

increased rates.16 This study adds to previous findings about the rela-

tive risk of SOPC disruption associated with CVD and mortality.

TABLE 1 Baseline characteristics of patients with DM (N = 96 372).

Characteristics Overall SOPC attendance (N = 82 412) SOPC disruption (N = 13 960) p value

Age (years) 66.95 ± 13.20 66.79 ± 13.23 67.86 ± 13.00 <0.001

65 years 54 026 (56.06) 45 922 (55.72) 8104 (58.05) <0.001

Sex, male 47 839 (49.64) 41 240 (50.04) 6599 (47.27) <0.001

CCI 1.86 ± 1.43 1.91 ± 1.45 1.58 ± 1.23 <0.001

≥2 37 434 (38.84) 33 330 (40.44) 4104 (29.40) <0.001

Disease duration (years) 7.35 ± 3.35 7.45 ± 3.30 6.78 ± 3.60 <0.001

Smoker 32 578 (33.80) 28 059 (34.05) 4519 (32.37) <0.001

A&E attendance in 2020, yes 21 655 (22.47) 18 987 (23.04) 2668 (19.11) <0.001

Hospital admission in 2020, yes 14 664 (15.22) 13 069 (15.86) 1595 (11.43) <0.001

Drug-refill service in 2020, yes 9218 (9.57) 8711 (10.57) 507 (3.63) <0.001

Primary care clinic attendance in 2020, yes 42 452 (44.05) 32 153 (39.01) 10 299 (73.78) <0.001

Number of SOPC attendance in 2020 2.36 ± 1.75 2.76 ± 1.58 0.00 ± 0.00 <0.001

Number of drug-refill service in 2020 0.13 ± 0.45 0.14 ± 0.47 0.06 ± 0.36 <0.001

Number of primary care clinic attendance in 2020 1.65 ± 2.71 1.43 ± 2.67 2.92 ± 2.58 <0.001

Clinical parameters

HbA1c (%) 7.16 ± 1.30 7.19 ± 1.31 6.96 ± 1.25 <0.001

SBP (mmHg) 137.47 ± 17.97 138.05 ± 18.17 134.00 ± 16.29 <0.001

DBP (mmHg) 75.19 ± 11.32 75.51 ± 11.33 73.31 ± 11.10 <0.001

eGFR (mL/min/1.73 m2) 76.10 ± 23.16 75.68 ± 23.47 78.59 ± 21.01 <0.001

UACR (mg/mmol) 12.73 ± 21.67 13.32 ± 22.16 9.25 ± 18.18 <0.001

BMI (kg/m2) 25.90 ± 4.59 25.93 ± 4.61 25.71 ± 4.48 <0.001

Lipid panel

LDL-C (mmol/L) 2.12 ± 0.72 2.12 ± 0.73 2.15 ± 0.69 <0.001

HDL-C (mmol/L) 1.30 ± 0.37 1.30 ± 0.37 1.30 ± 0.35 0.11

Total cholesterol (mmol/L) 4.12 ± 0.88 4.11 ± 0.88 4.14 ± 0.84 <0.001

Triglyceride (mmol/L) 1.56 ± 1.09 1.56 ± 1.11 1.53 ± 1.00 0.76

Medicine use

Insulin 25 517 (26.48) 24 288 (29.47) 1229 (8.80) <0.001

Oral antidiabetic drugs 57 608 (59.78) 48 859 (59.29) 8749 (62.67) <0.001

Lipid lowering drugs 66 413 (68.91) 57 741 (70.06) 8672 (62.12) <0.001

RAS blockers 54 029 (56.06) 47 421 (57.54) 6608 (47.34) <0.001

Beta blockers 25 129 (26.08) 22 269 (27.02) 2860 (20.49) <0.001

Other antihypertensive drugs 54 202 (56.24) 46 672 (56.63) 7530 (53.94) <0.001

Comorbidities

Hypertension 64 814 (67.25) 53 939 (65.45) 10 875 (77.90) <0.001

Note: Data are presented in mean ± SD or number (percentage) as appropriate.

Abbreviations: A&E, accident and emergency; BMI, body mass index; CCI, Charlson Comorbidity Index; DBP, diastolic blood pressure; DM, diabetes

mellitus; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; RAS, renin-angiotensin-system; SBP, systolic blood pressure; SD, standard deviation; SOPC, specialist outpatient clinic; UACR,

urinary albumin-to-creatinine ratio.
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TABLE 2 Association between disruption of SOPC visit and all-cause mortality, CVD and kidney failure incidence among patients with DM
(N = 96 372).

Outcomes

SOPC disruption (N = 13 960) SOPC attendance (Reference) (N = 82 412)

Adjusted HR

(95% CI)Event Person-month

Crude incidence rate
(cases, 1000 person-

month) Event Person-month

Crude incidence rate
(cases, 1000 person-

month)

All-cause mortality 1294 559 305 2.31 (2.19, 2.44) 8554 3 292 463 2.60 (2.54, 2.65) 1.20 (1.12, 1.29)***

CVD 1476 554 778 2.66 (2.53, 2.80) 8469 3 281 778 2.58 (2.53, 2.64) 1.12 (1.05, 1.20)**

CHD 714 571 740 1.25 (1.16, 1.34) 4022 3 377 353 1.19 (1.15, 1.23) 1.07 (0.97, 1.19)

HF 327 579 779 0.56 (0.51, 0.63) 2442 3 411 215 0.72 (0.69, 0.74) 1.18 (1.04, 1.35)*

Stroke 598 573 195 1.04 (0.96, 1.13) 3171 3 394 897 0.93 (0.90, 0.97) 1.08 (0.97, 1.20)

Kidney failure 535 575 832 0.93 (0.85, 1.01) 5217 3 351 680 1.56 (1.51, 1.60) 1.11 (1.00, 1.24)*

Note: Adjusted for age, sex, Charlson Comorbidity Index, smoking, disease duration, systolic blood pressure, diastolic blood pressure, hospital admission

(yes or no), accident and emergency (yes or no), primary care clinic (yes or no), drug-refill service (yes or no), frequency of SOPC visits in 2020, frequency

of primary care clinic visits in 2020, frequency of drug-refill service in 2020, glycated haemoglobin, estimated glomerular filtration rate, urinary albumin-

to-creatinine ratio, body mass index, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total cholesterol, triglycerides, insulin, oral

antihyperglycaemic drugs, lipid lowering drugs, renin-angiotensin-system blockers, beta blockers, other antihypertensive drugs and hypertension.

Abbreviations: CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; DM, diabetes mellitus; HF, heart failure; HR, hazard

ratio; SOPC, specialist outpatient clinics.

*p < 0.05; **p < 0.01; ***p < 0.001.

TABLE 3 Association between alternative modes of care and all-cause mortality, CVD, and kidney failure incidence among patients with DM
who had disruption of SOPC visit (N = 13 960).

Outcomes

Alternative modes of care Reference

Adjusted HR

(95% CI)Event Person-month

Crude incidence rate
(cases, 1000 person-

month) Event Person-month

Crude incidence rate
(cases, 1000 person-

month)

Primary care clinic

All-cause mortality 815 416 464 1.96 (1.83, 2.10) 479 142 841 3.35 (3.07, 3.67) 0.72 (0.60, 0.87)***

CVD 1125 408 448 2.75 (2.60, 2.92) 351 146 330 2.40 (2.16, 2.66) 0.84 (0.72, 0.99)*

CHD 554 421 064 1.32 (1.21, 1.43) 160 150 676 1.06 (0.91, 1.24) 0.87 (0.68, 1.10)

HF 228 427 994 0.53 (0.47, 0.61) 99 151 785 0.65 (0.54, 0.79) 0.65 (0.46, 0.93)*

Stroke 450 422 751 1.06 (0.97, 1.17) 148 150 444 0.98 (0.84, 1.16) 0.94 (0.72, 1.21)

Kidney failure 350 425 959 0.82 (0.74, 0.91) 185 149 873 1.23 (1.07, 1.43) 0.83 (0.62, 1.09)

Drug-refill

All-cause mortality 85 19 516 4.36 (3.52, 5.39) 1209 539 789 2.24 (2.12, 2.37) 0.86 (0.59, 1.26)

CVD 51 20 180 2.53 (1.92, 3.33) 1425 534 598 2.67 (2.53, 2.81) 0.81 (0.50, 1.31)

CHD 22 20 859 1.05 (0.69, 1.60) 692 550 881 1.26 (1.17, 1.35) 1.28 (0.50, 3.23)

HF 14 20 986 0.67 (0.40, 1.13) 313 558 793 0.56 (0.50, 0.63) 0.78 (0.30, 2.09)

Stroke 22 20 762 1.06 (0.70, 1.61) 576 552 433 1.04 (0.96, 1.13) 0.64 (0.33, 1.25)

Kidney failure 28 20 781 1.35 (0.93, 1.95) 507 555 051 0.91 (0.84, 1.00) 1.19 (0.53, 2.66)

Note: Adjusted for age, sex, Charlson Comorbidity Index, smoking, disease duration, systolic blood pressure, diastolic blood pressure, hospital admission

(yes or no), accident and emergency (yes or no), primary care clinic (yes or no), drug-refill service (yes or no), frequency of primary care clinic visits in 2020,

frequency of drug-refill service in 2020, glycated haemoglobin, estimated glomerular filtration rate, urinary albumin-to-creatinine ratio, body mass index,

low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total cholesterol, triglycerides, insulin, oral antihyperglycaemic drugs, lipid

lowering drugs, renin-angiotensin-system blockers, beta blockers, other antihypertensive drugs and hypertension.

Abbreviations: CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; DM, diabetes mellitus; HF, heart failure; HR, hazard

ratio; SOPC, specialist outpatient clinics.

*p < 0.05; ***p < 0.001.
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Patients under care in SOPC are more likely to have diabetic compli-

cations, multiple comorbidities, and other complicated medical needs.

In a DM care report from the Hospital Authority in Hong Kong, more

patients with regular follow-ups in SOPC had chronic kidney disease

and acute hospitalisation due to hyperglycaemia compared with those

in primary care.6 For patients who did not have follow-ups in SOPC,

the lack of monitoring of complications and review of treatment might

increase the risk of the progression of complications and even death.

Although some studies found no significant difference in patients' dis-

ease control between before and during the COVID-19 pandemic,17

most studies showed poorer glycaemic, blood pressure, and lipid con-

trol among patients with DM during the COVID-19 pandemic when

outpatient visits were largely reduced.18,19 We did not observe a sig-

nificant difference in the HbA1c changes from baseline to follow-up

between patients with and without SOPC attendance in 2020, which

indicated that SOPC visits in 2020 were not associated with better

HbA1c in the follow-up period. Therefore, the reduction in cardiorenal

events in patients with SOPC attendance was not reflected by

changes in blood glucose. The underlying mechanism of the associa-

tion between SOPC service disruption and increased risk of outcomes

is complex. It includes not only the effect of blood glucose control but

also an interaction with the effect of the control of other clinical

parameters, such as blood pressure, blood lipid, and estimated glomer-

ular filtration rate (eGFR), lifestyle, and self-care. Further studies are

needed to investigate the significant factors and their interactions that

contribute to the increase in cardiorenal events. As for the subgroup

analysis, among patients with CCI <2, SOPC follow-up disruption was

not associated with a higher risk of all-cause mortality. As patients

with CCI <2 had fewer comorbidities and lower all-cause mortality

risk, the effect of SOPC follow-up disruption in 2020 had little effect

on the mortality rates of these patients.

Primary care clinic doctor consultations served as an alternative

mode of care in diabetic patients who had disrupted SOPC follow-up,

with a 30% relative risk reduction of HF and all-cause mortality. In pri-

mary care clinics, patients with DM receive regular assessments of

cardiovascular risk factors, such as blood glucose, blood pressure, and

blood lipids. In those who have suboptimal control of risk factors, pri-

mary care practitioners can provide timely medication adjustments

and monitor the adverse effects of the medication. Furthermore, edu-

cation provided by primary care practitioners to equip patients with

knowledge and skills in diabetic self-care, including maintaining a

healthy lifestyle, self-monitoring, and adherence to medication, is cru-

cial to disease control. For patients who did not have follow-ups in

SOPC, these services provided by primary care clinics can still help

them stabilise blood glucose, blood pressure, and blood lipids. Stabi-

lised and good control of these risk factors can reduce the risk of

occurrence or slow the progression of cardiovascular complications,

and therefore reduce the risk of premature deaths.20,21 Additionally,

patients with DM in primary care clinics undergo regular screening of

diabetes-related complications, such as kidney diseases, diabetic reti-

nopathy, and diabetic foot.5 Regular screenings enable early detection

and treatment of these complications to reduce the risk of progres-

sion and related deaths. In the subgroup analyses, among patients

aged less than 65, patients who had primary care clinic attendance

exhibited a higher risk of kidney failure. The low incidence rate of kid-

ney failure in younger patients (0.37 per 1000 person-month in age

<65 years versus 1.4 per 1000 person-month in age ≥65 years) might

limit the estimation of the hazard ratio due to limited statistical power.

Further research is needed to explore the effect of primary care clinic

attendance on kidney failure among younger patients.

Drug-refill service has been widely practised to reduce the rising

physician consultation burden due to the increasing prevalence of

DM.22,23 A prior study suggested a greater proportion of patients with

drug-refill service achieved glycaemic control targets during half a

year of follow-up than those with non-refill.10 However, the effective-

ness of drug-refill service can be affected by many factors, such as

patient compliance and medication adherence. In our study, drug-refill

service showed no association with risk reduction of CVD, kidney fail-

ure, and all-cause mortality among patients with DM who had SOPC

disruption. This might be due to the lack of drug or dose adjustments

or low medication adherence. In addition, the small sample size of the

drug-refill service group may result in lower statistical power to detect

the difference. A future study with a large sample size is needed to

evaluate the effect of drug-refill service on the risk reduction of CVD,

kidney failure, and mortality in patients with DM.

To our knowledge, this is the first study to evaluate the associa-

tion of alternative modes of care with the risk of all-cause mortality,

CVD, and kidney failure in SOPC patients with DM who did not have

a doctor consultation in SOPC during the COVID-19 waves. Using a

large sample size of over 90 000 patients with DM, this study was

territory-wide representative of the patients with DM in Hong Kong.

The results of this study have important implications for the manage-

ment of patients with DM during future public health crises. The find-

ings can inform healthcare policy that primary care clinics should be

provided as an alternative mode of service for patients who have had

a disruption of SOPC follow-up. This will help policymakers optimise

healthcare resource allocation and reorganisation of services during

an acute public health crisis, to ensure the quality of care for patients

with DM can be maintained. This study also has some limitations.

First, the follow-up duration of this study was relatively short and the

findings might not reflect the long-term impact. Second, the analysis

was restricted to the healthcare in Hong Kong, which might influence

the generalisability to other countries or territories with different

healthcare systems. Third, the analysis used the data from public hos-

pitals only, without involving the data from private sectors. Given the

overwhelmed public healthcare in Hong Kong during the COVID-19

pandemic, patients who did not visit outpatient clinics in public sec-

tors may seek private medical care. The lack of including the data from

private hospitals could have introduced bias, but the effect was likely

to be low since only 6.0% of patients with diabetes visited private

clinics or hospitals during the COVID-19 pandemic, according to the

Population Health Survey conducted between November 2020 and

January 2022 in Hong Kong.12 We did not have access to the data on

the clinics or centres operated by the Department of Health (DH). The

DH operates clinics providing maternal and child health, student

health services, dental services, etc., but does not provide specific

YAU ET AL. 7
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services for diabetes care. Although the omission of data from the

Department of Health could have introduced bias to our results,

the possibility was low given their different service scope and patient

populations. Fourth, physicians in the SOPC may lengthen the follow-

up interval for the low-risk group due to patients' requests and/or

social distancing policy. While we have adjusted the disease severity

(e.g., disease duration, HbA1c, blood pressure) at baseline and fre-

quency of SOPC visits, primary care clinics visits and drug-refill service

in 2020 in the Cox regression model to minimise confounding by indi-

cation and the duration of follow-up, the risk of residual confounding

might exist. Fifth, patients who had SOPC follow-up disruption might

be more likely to default follow-up visits because of lower health

awareness and other unmeasured social factors, which could be a

potential confounder in this study. As these social factors were not

captured in this study, their effects on the outcomes were uncertain.

Future studies considering these social factors should be conducted.

Sixth, while we have adjusted for observable confounders

(e.g., disease duration, HbA1c, blood pressure) to reduce the bias and

conducted a sensitivity analysis using fine stratification weights to

improve the balance between groups, we cannot rule out the possibil-

ity of residual confounders due to unmeasured factors and the inher-

ent limitations of observational studies.

5 | CONCLUSION

SOPC follow-up disruption was associated with an increased risk of

mortality and CVD in patients with DM. Primary care clinics were a

beneficial mode of care in mitigating these risks in patients

experiencing SOPC follow-up disruption. These findings inform pub-

lic policy that primary care clinics can serve as alternative modes of

care to optimise healthcare resource allocation in future public

health crises.
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