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Objectives
Comparative data on glucose disorders using fasting blood samples between people living with HIV
(PLWH) and the general population are lacking. The objective of this study was to compare the
prevalence and risk factors of obesity and disturbances in glucose homeostasis between PLWH
treated with modern antiretroviral therapy and the general population.

Methods
Adjusted prevalence of obesity, features of insulin resistance (triglyceride:high-density lipoprotein
cholesterol ratio and alanine aminotransferase), impaired fasting glucose (IFG), diabetes mellitus
(DM) and combined dysglycaemia (presence of IFG or DM) were determined using fasting blood
samples among 1041 PLWH and 7047 subjects representing the general population.

Results
People living with HIV had a lower prevalence of obesity [18.2%, 95% confidence interval (CI):
15.1–21.2 vs. 23.9%, 95% CI: 22.4–25.4], but a higher prevalence of insulin resistance and IFG
(20.0%, 95% CI: 16.6–23.4 vs. 9.8%, 95% CI: 8.7–10.8) than the general population. Fasting
glucose concentration was higher, but glycated haemoglobin (HbA1c) was lower, among PLWH.
Prevalence of dysglycaemia for a given body mass index (BMI) was higher in PLWH than in the
general population. The prevalence of DM did not differ between PLWH (13.2%, 95% CI: 10.2–
15.9) and the general population (14.5%, 95% CI: 13.6–15.4).

Conclusions
The prevalence of obesity was lower, but the risk of dysglycaemia for a given BMI was
significantly higher, among PLWH, highlighting the importance of prevention and treatment of
obesity among HIV-infected subjects. Regardless of the increased prevalence of insulin resistance
and IFG, DM was surprisingly not more common among PLWH, raising concern about the under-
diagnosis of DM, possibly due to low sensitivity of HbA1c in this patient population.
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Introduction

The clinical significance of metabolic comorbidities

affecting the aging HIV population is of increasing

importance. The pathogenesis of many of these comor-

bidities including diabetes mellitus (DM) is tightly linked

to obesity [1].

During recent years, concerns have been raised about

increasing obesity rates among people living with HIV
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(PLWH) [2]. Although there are some data on obesity

from ongoing cohort studies with [3] or without [4] HIV-

negative controls, comparative data with the general pop-

ulation are scarce [5]. According to the latest published

data from North America, obesity prevalence increased

from 9% in 1998 to 18% in 2010 among PLWH and from

22% to 27% in the general population [6]. These data

may, however, be outdated due to major changes in treat-

ment guidelines for PLWH during the last 10 years,

including the universal treatment recommendation and

the preferential use of integrase strand transfer inhibitors

(INSTIs) and tenofovir alafenamide (TAF). Of note, both

INSTIs and TAF have recently been associated with

increased weight gain as compared with the older

antiretroviral agents [7].

Increasing obesity prevalence leads to concerns of ris-

ing prevalence of diabetes [2]. However, there are no data

comparing the prevalence of diabetes among PLWH and

the general population using fasting glucose samples.

Some studies with PLWH have used true population con-

trols, but the diagnosis of diabetes has been based on

administrative data, with their limitations, or blood sam-

ples were not collected in the fasting state [5,8,9]. Fasting

glucose samples also allow the detection of an earlier dis-

turbance in glucose homeostasis: impaired fasting glucose

(IFG). This has clinical significance, as subjects with IFG

have a five-fold higher risk of developing diabetes than

subjects with normoglycaemia [10]. Therefore, direct

comparison of fasting glucose values can give a more

comprehensive view on glucose homeostasis between

PLWH and the general population than administrative

data.

In the present study, we compare the prevalence rates

of obesity, diabetes, IFG and surrogate markers of insulin

resistance using fasting blood samples, both in PLWH

and in the general population. We also investigate HIV-

specific risk factors of these outcomes among PLWH trea-

ted with modern antiretroviral therapy (ART), including

TAF and INSTI.

Methods

Study population

All PLWH registered at Helsinki University Hospital in

2017 were evaluated for the study. The hospital provides

care for c. 60% of all PLWH in Finland. As the number

of people of foreign origin was very low in the general

population, only PLWH born in Finland were included in

the study. The study was approved by Helsinki University

Hospital. Ethics committee evaluation is not needed for

this type of retrospective chart review.

Data on the general population originate from the Fin-

Health 2017 Study, which is a population-based health

examination study conducted in 2017. The FinHealth

2017 Study protocol is described in detail elsewhere

[11,12]. Briefly, 10 247 adults over 18 years of age living

in Finland were eligible to participate by two-stage clus-

ter sampling from the population registry. Sixty-nine per-

cent of the invited subjects participated in at least one

part of the study, and 58% participated in the health

examinations. As the prevalence of HIV infection among

the general population is very low, FinHealth subjects are

expected to represent the HIV-negative population. Dur-

ing the last 10 years, the number of new HIV diagnoses

has remained between 2.8 and 3.4 per 100 000 popula-

tion [13]. The FinHealth 2017 Study was approved by the

Coordinating Ethics Committee for the Helsinki-Uusimaa

hospital district. A signed informed consent was obtained

from all participants in the FinHealth Study.

Data collection and variables

For PLWH, demographic and HIV-specific data as well as

laboratory results were collected from the clinic database.

Fasting blood samples were analysed for glucose, triglyc-

erides, high-density lipoprotein (HDL) cholesterol, gly-

cated haemoglobin (HbA1c) and alanine aminotransferase

(ALT).

For the general population, the FinHealth 2017 Study

included a health examination with measurements of

height and body weight, and collection of blood samples

in fasting state. In addition, the study subjects fulfilled

health questionnaires or were interviewed regarding, for

example, their current diseases (including diabetes) and

medications. Data on age and gender were obtained from

the population registry.

Outcome definitions

Obesity and other body mass index (BMI) categories were

classified as follows: obesity, ≥ 30 kg/m2; overweight,

25.0–29.9 kg/m2; normal weight, 18.5–24.9 kg/m2;

underweight, < 18.5 kg/m2.

Diabetes mellitus was defined according to the follow-

ing criteria: (1) DM notified by the systematic manual

review of the medical records for PLWH or by the ques-

tionnaire/interview for FinHealth subjects; (2) use of

antidiabetic medication; (3) fasting plasma glu-

cose ≥ 7.0 mmol/L (126 mg/dL), or (4) HbA1c

> 48 mmol/mol (6.5%). IFG was defined as fasting glu-

cose level of 6.1–6.9 mmol/L (110–125 mg/dL) in a non-

diabetic subject. A combination outcome variable of dys-

glycaemia was defined as the presence of DM or IFG.
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We used fasting plasma triglycerides-to-HDL choles-

terol ratio (TG:HDL-C) and ALT as surrogate markers for

insulin resistance. The conventional cut-off values indi-

cating insulin resistance with TG:HDL-C ratio (mg/dL)

are ≥ 3.75 for men and ≥ 3.0 for women [14,15]. As

uncontrolled HIV infection increases TG and decreases

HDL-C concentrations, we performed a sensitivity analy-

sis limited to subjects with viral load < 50 HIV RNA

copies/mL. Elevated ALT was defined as > 33 IU/L for

men and > 25 IU/L for women [16]. For ALT, we con-

ducted a sensitivity analysis excluding subjects with

positive hepatitis B surface antigen or hepatitis C anti-

body test. Knowing that hepatitis C is a risk factor for

diabetes, we also compared the prevalence of IFG and

DM between hepatitis C-negative PLWH and the general

population.

Statistical analysis

The sampling design is structured to represent the Finnish

adult population in 2017. Inverse probability weights

were used in the FinHealth data analysis to adjust for dif-

ferences in selection probability, to correct the effects of

non-participation and to provide nationally representative

results [11]. For the analyses, each HIV-positive subject

was assessed with a weight coefficient of 1. In all data

analyses, a complex survey sampling technique was used

to include weights in the analysis.

Characteristics of PLWH and the general population

were compared using a Mann–Whitney U-test for contin-

uous data and v2 test for categorical data.

Crude and adjusted predictive margins were calculated

for outcome variables. Crude predictive margins were

assessed to present the actual prevalence of each out-

come. Multivariable logistic regression analyses were

used to calculate adjusted predictive margins representing

adjusted prevalence rates. In the regression models, we

included the following covariates: age, gender, BMI,

smoking and HIV status. Interactions between the covari-

ates were tested in all analyses.

To assess the effect of HIV-specific covariates on obe-

sity and dysglycaemia, we conducted two multivariable

regression analyses. In both analyses, we included age,

gender, BMI, smoking status, mode of HIV transmission

and CD4 nadir count. The first analysis also included past

use of selected old nucleoside reverse transcriptase inhibi-

tors (NRTIs), didanosine, stavudine or zidovudine. The

second analysis included selected current NRTIs [abacavir

(ABC), tenofovir disoproxil fumarate (TDF), TAF] and

drugs from the current third antiretroviral agent class

[nonnucleoside reverse transcriptase inhibitor (NNRTI),

protease inhibitor (PI) and INSTI]. In the latter analysis,

patients who received more than one of the selected

NRTIs or third agents were excluded.

Statistical analyses were performed using STATA v.15

(StataCorp. 2017, College Station, TX, USA).

Results

The demographic characteristics of the study groups are

shown in Table 1. The majority of PLWH were male

(81%) as compared with half of the subjects in the gen-

eral population. The median age did not differ signifi-

cantly between the study groups, but there were fewer

PLWH in the youngest and the oldest age groups. The

median BMI was significantly lower among PLWH than

in the general population.

The HIV-related characteristics of PLWH are shown in

Table 2. The most common mode of HIV transmission

was male-to-male sexual contact (53%). Nearly all

patients (97%) were receiving ART. More than half of the

patients were currently receiving TAF (51%) and INSTI

(59%). The majority of PLWH had achieved treatment

goals, with 93% having a viral load < 50 copies/mL and

90% with their most recent CD4 count ≥ 350 cells/lL.

Table 1 Demographic and clinical characteristics of people living
with HIV (PLWH) and the general population (FinHealth 2017 Study)

PLWH General population

Number of
subjects

1041 7047

Gender [% (95% CI)]
Male 81 (79–83) 49 (48–51)
Female 19 (17–21) 51 (49–52)

Age (years)
[median (IQR;
95% CI)]

50.4 (43.2–57.1; 49.8–51.1) 51.4 (35.7–66.5; 50.3–52.6)

Age group [% (95% CI)]
18–34 years 9 (8–11) 24 (22–26)
35–49 years 38 (35–41) 24 (22–25)
50–64 years 43 (40–46) 25 (24–26)
65+ years 9 (8–11) 28 (26–29)

BMI (kg/m2)
[median (IQR;
95% CI)]

25.3 (22.7–28.4; 25.0–25.6) 26.4 (23.5–29.8; 26.1–26.6)

BMI groups [% (95% CI)]
BMI < 18.5 2 (1–3) 1 (1–1)
BMI ≥ 18.5
to < 25

46 (42–49) 37 (35–39)

BMI ≥ 25
to < 30

36 (33–39) 38 (37–40)

BMI ≥ 30 17 (15–20) 24 (23–26)
Smoking status [% (95% CI)]
Current
smoker

40 (37–43) 17 (15–18)

Ex-smoker 29 (27–32) 24 (23–26)
Never smoker 31 (28–34) 59 (57–61)

CI, confidence interval; IQR, interquartile range; BMI, body mass index.
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The prevalence of hepatitis C antibody positivity was

96% among those reporting, and 5% among those not

reporting, intravenous drug use.

The weighted crude and adjusted prevalence rates of

the outcome variables are shown in Table 3. Obesity was

less prevalent among PLWH than in the general popula-

tion. All markers of insulin resistance were significantly

more prevalent among PLWH than among the general

population. In a sub-analysis limited to subjects with viral

load < 50 copies/mL, the weighted adjusted prevalence of

increased TG:HDL-C ratio remained significantly higher

among PLWH [26.1%, 95% confidence interval (CI): 23.2–
29.1] than among the general population (17.8%, 95% CI:

16.8–18.8). Similarly, in a sensitivity analysis excluding

patients with chronic hepatitis B and C, the weighted

adjusted prevalence of elevated ALT was still significantly

higher in PLWH (40.0%, 95% CI: 36.3–43.6) than in the

general population (27.3%, 95% CI: 25.6–29.1).
The prevalence of IFG was significantly higher among

PLWH, yet that of diabetes did not differ significantly

between PLWH and the general population (Table 3).

Also, the sub-analysis limited to hepatitis C negative

PLWH showed a higher weighted adjusted prevalence of

IFG among PLWH than in the general population (19.5%,

95% CI: 15.8–23.2 vs 9.8%, 95% CI: 8.7–10.8), but there
was no statistically significant difference in the preva-

lence of diabetes (11.9%, 95% CI: 8.7–15.1 vs 14.5%,

95% CI: 13.6–15.4, respectively). Fasting glucose concen-

tration was higher (median 5.8 mmol/l, IQR 5.4–
6.3 mmol/l vs 5.6 mmol/l, IQR 5.3–6.0 mmol/l,

P < 0.001), but HbA1c lower (median 34 mmol/mol, IQR

31–36 mmol/mol vs. 36 mmol/mol, IQR 32–37 mmol/

mol, P < 0.001) in PLWH than in FinHealth subjects.

The relationship between age and prevalence of obesity

is shown in Fig. 1a and the relationship between BMI

and prevalence of dysglycemia in Fig. 1b. PLWH had sig-

nificantly lower prevalence of obesity than general popu-

lation between 40–70 years of age. For any BMI value

between 20 and 40 kg/m2, PLWH had significantly higher

prevalence of dysglycemia than the general population.

Table 2 HIV-related characteristics of people living with HIV
(PLWH)

Number of patients 1041
HIV transmission mode [n (%)]
Heterosexual contact 310 (29.8)
Male-to-male sexual contact 548 (52.6)
Intravenous drug use 140 (13.4)
Other/unknown 43 (4.1)

Time since HIV diagnosis (years) [median (IQR)] 11.6 (6.9–17.5)
Duration of ART (years) [median (IQR)] 9.0 (4.6–13.5)
Subjects receiving ART [n (%)] 1009 (96.9)
Characteristics of the present ART [n (%)]
Subjects taking TDF 167 (16.0)
Subjects taking TAF 534 (51.3)
Subject taking ABC 270 (25.9)
Subjects taking NNRTI 285 (27.4)
Subjects taking PI 203 (19.5)
Subjects taking INSTI 612 (58.8)

Most recent CD4 count (cells/lL) [median (IQR)] 656 (496–851)
CD4 count < 200 [n (%)] 7 (0.7)
CD4 count ≥ 200 to < 350 [n (%)] 63 (6.1)
CD4 count ≥ 350 to < 500 [n (%)] 184 (17.7)
CD4 count ≥ 500 [n (%)] 751 (72.1)

Most recent HIV-1 RNA [n (%)]
Subjects with < 50 copies/mL 971 (93.4)
Subjects with 50–400 copies/mL 24 (2.3)
Subjects with > 400 copies/mL 4 (0.4)

CD4 nadir count (cells/lL) [median (IQR)] 266 (160–356)
CD4 nadir count < 200 [n (%)] 335 (32.2)
CD4 nadir count ≥ 200 to < 350 [n (%)] 403 (38.7)
CD4 nadir count ≥ 350 to < 500 [n (%)] 170 (16.3)
CD4 nadir count ≥ 500 [n (%)] 91 (8.7)

IQR, interquartile range; ART, antiretroviral therapy; TDF, tenofovir diso-
proxil fumarate; TAF, tenofovir alafenamide; ABC, abacavir; NNRTI, non-
nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; INSTI,
integrase strand transfer inhibitor.

Table 3 Weighted crude and adjusted prevalence rates of the outcome variables

Weighted crude prevalence [% (95 % CI)] Weighted adjusted prevalence* [% (95% CI)]

PLWH General population PLWH General population

Obesity (BMI ≥ 30 kg/m2) 16.3 (14.1–18.6) 24.0 (22.5�25.5) 18.2 (15.1–21.2) 23.9 (22.4–25.4)
Elevated ALT level† 44.0 (41.0�47.1) 27.3 (25.6–29.1) 43.1 (39.6–46.5) 27.3 (25.6–29.1)
Elevated TG:HDL-C ratio‡ 29.0 (26.2–31.8) 17.8 (16.8–18.8) 27.0 (24.2–29.8) 17.8 (16.8–18.8)
IFG§ 22.0 (19.4–24.6) 9.7 (8.7–10.7) 20.0 (16.6–23.4) 9.8 (8.7–10.8)
Diabetes ¶ 13.3 (11.2–15.5) 14.9 (13.9–16.0) 13.2 (10.5–15.9) 14.5 (13.6–15.4)

CI, confidence interval; PLWH, people living with HIV; BMI, body mass index; ALT, alanine aminotransferase; TG:HDL-C ratio, triglyceride-to-high-den-
sity lipoprotein cholesterol ratio; IFG, impaired fasting glucose.
*Calculated using predictive margins adjusted for sex, age, BMI (not included for obesity), smoking status, HIV status and statistically significant inter-
actions between these variables.
†Elevated ALT level was defined as ALT > 33 U/L for men and > 25 U/L for women.
‡The cut-off value for TG:HDL-C ratio was defined as ≥ 3.75 in men and ≥ 3.0 in women.
§IFG was defined as fasting plasma glucose level of 6.1–6.9 mmol/L (110–125 mg/dL) in a non-diabetic subject.
¶Diabetes mellitus (DM) was defined as a physician/study subject-reported diagnosis of DM, current use of antidiabetic medication, HbA1c ≥ 48 mmol/
mol (6.5%) or fasting glucose level ≥ 7.0 mmol/L (126 mg/dL).
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The results of the first multivariable logistic regression

analysis of the factors associated with obesity and dysg-

lycemia among PLWH are shown in Table 4. Regarding

obesity, being ex-smoker was associated with an

increased risk, whereas male-to-male sexual transmission

mode and CD4 nadir > 350 cells/lL were associated with

a decreased risk of obesity. Male gender, increasing age

and BMI, and intravenous drug use were associated with

an increased risk of dysglycaemia.

In the second multivariable logistic regression analysis,

the current use of TAF (odds ratio, OR = 1.79, 95% CI:

1.12–2.86, P = 0.015) and TDF (OR = 1.96, 95% CI: 1.01–
3.80, P = 0.047) were associated with a significantly

higher risk of obesity than was the case with ABC. There

was no statistically significant difference between TDF

and TAF (P = 0.6). The current use of NNRTIs as com-

pared with INSTIs was associated with a lower risk of

obesity (OR = 0.52, 95% CI: 0.31–0.87, P = 0.013), but

there were no statistically significant differences between

the current use of PIs vs. INSTIs (P = 0.6) or PIs vs.

NNRTIs (P = 0.09). The use of ABC (OR = 0.56, 95% CI:

0.33–0.97, P = 0.038) was associated with a significantly

lower risk, and the use of TAF (OR = 0.62, 95% CI: 0.38–
1.00, P = 0.051) with a borderline lower risk, of dysgly-

caemia compared with TDF. There was no significant dif-

ference between the use of ABC and the use of TAF

(P = 0.6), or between any of the third agents (data not

shown), in relation to the risk of dysglycaemia.

Fig. 1 (a, b) Relationship between age and weighted prevalence of obesity adjusted for sex, age and smoking status (a) and between body
mass index (BMI) and weighted prevalence of dysglycaemia, defined as presence of impaired fasting glucose or diabetes, adjusted for sex, age,
BMI and smoking status (b). Error bars indicate 95% confidence interval. PLWH, people living with HIV.

© 2020 The Authors.
HIV Medicine published by John Wiley & Sons Ltd on behalf of British HIV Association

HIV Medicine (2021), 22, 244--253

248 A Hanttu et al.



Discussion

To the best of our knowledge, the current study presents

the first comparison of adjusted prevalence rates of insu-

lin resistance, IFG and diabetes using fasting blood sam-

ples between PLWH and the general population. Despite

the significantly lower prevalence of obesity, the adjusted

prevalence rates of insulin resistance and IFG were signif-

icantly higher in PLWH than in the general population.

These higher prevalence rates did not translate into

higher diabetes prevalence, potentially implying under-

diagnosis of DM among PLWH.

Even though obesity rates are increasing among PLWH

[2], we still found a significantly lower adjusted preva-

lence of obesity among PLWH than among the general

population, which is in line with data from the COCOMO

study in Denmark [5]. The obesity rates among PLWH

vary greatly even within the European context. The

prevalence rates of obesity among PLWH both in our

study (18%) and the COCOMO (11%) study are two to

three times higher than that reported in the large Euro-

SIDA cohort (6%) [4]. These differences probably reflect

different obesity rates in general populations in different

European countries [17], different patient characteristics

and possibly different use of ART. The most recent data

comparing PLWH and the general population from North

America are similar to our results demonstrating signifi-

cantly less obesity among PLWH (18–25.5%) than in the

general population (27–36%) [6,18].

Knowing the relatively stable increase of 0.3–1 kg/year

in body weight in the general population [19–21], we

wanted to explore whether PLWH would have a steeper

slope between age and prevalence of obesity as a feature

of a premature ageing [22]. For any given age, the proba-

bility of obesity was steadily 6–7% lower for PLWH than

for the general population, contradicting enhanced

weight gain among PLWH. However, there is still concern

about the effect of ageing, as Gelpi et al. [23] recently

reported that the probability of abdominal obesity, mea-

sured by waist-to-hip ratio, is more enhanced by age in

PLWH than in population controls.

Recent data have associated increased weight gain with

the use of INSTIs and TAF [24–28]. In our study, almost

60% of the participants were receiving an INSTI-based

regimen and over 50% a TAF-based regimen. The current

users of INSTIs had a significantly higher risk of obesity

compared with the users of NNRTIs. Similarly, those tak-

ing TAF or TDF had a higher risk of obesity compared

with subjects taking ABC. As opposed to the earlier data

[24,25], we did not observe a significant difference

between the current users of TDF and TAF. Although

these results must be interpreted with caution, because of

the non-randomized, cross-sectional design of the study,

our real-world data support the accumulating evidence of

weight gain with INSTIs and TAF [24–28]. We also identi-

fied a CD4 nadir count > 350 cells/lL to be associated

with a smaller risk of obesity, which is in agreement with

a recent review demonstrating that a high CD4 nadir is a

protective factor against obesity [7].

Regardless of the lower obesity rate, the adjusted

prevalence of insulin resistance was significantly higher

in PLWH than in the general population. We used TG:

Table 4 Multivariable regression analysis of the predictor variables for obesity and dysglycaemia among people living with HIV (PLWH)

Predictor variable

Obesity (BMI ≥ 30 kg/m2)

P value

Dysglycaemia*

P-valueOR 95% CI OR 95% CI

Gender
Male Reference Reference
Female 0.88 0.54–1.44 0.611 0.33 0.20–0.54 < 0.001

Age (years) 1.00 0.99–1.02 0.643 1.04 1.03–1.06 < 0.001
Smoking
Never smoker Reference Reference
Current smoker 0.82 0.50–1.33 0.419 1.07 0.73–1.58 0.721
Ex-smoker 1.76 1.13–2.74 0.013 0.93 0.64–1.36 0.714

Body mass index (kg/m2) N/A 1.12 1.08–1.16 < 0.001
HIV transmission mode
Male-to-male sex Reference Reference
Heterosexual 2.69 1.74–4.16 < 0.001 1.38 0.94–2.03 0.105
Intravenous drug use 2.85 1.61–5.04 < 0.001 3.18 1.83–5.54 < 0.001
Unknown/other 1.27 0.30–5.40 0.744 0.43 0.12–1.59 0.206

CD4 nadir ≥ 350 cells/lL 0.60 0.38–0.94 0.026 1.40 0.97–2.01 0.072
Use of selected NRTIs in the past† 0.95 0.66–1.38 0.806 1.26 0.92–1.73 0.153

BMI, body mass index; OR, odds ratio; CI, confidence interval; NRTI, nucleoside reverse transcriptase inhibitor.
*Dysglycaemia was defined as the presence of diabetes or impaired fasting glucose.
†Didanosine, zidovudine or stavudine.

© 2020 The Authors.
HIV Medicine published by John Wiley & Sons Ltd on behalf of British HIV Association

HIV Medicine (2021), 22, 244--253

Obesity, IFG and diabetes among PLWH 249



HDL-C ratio and plasma ALT as surrogate markers of

insulin resistance, as both predict type 2 diabetes in non-

HIV populations [29–32]. Also among PLWH, a high TG:

HDL-C ratio predicted new-onset DM independently of

traditional risk factors [14], and elevated ALT has been

associated with a higher risk of diabetes [33]. In addition,

the adjusted prevalence of IFG among PLWH (20.0%) was

double that in the general population (9.8%) in our study,

again implying a higher degree of insulin resistance. We

were only able to identify a single previous study com-

paring prevalence of IFG between PLWH and HIV-nega-

tive controls: the Women’s Interagency HIV Study

(WIHS) reported an unadjusted IFG prevalence of 9% for

both HIV-positive and HIV-negative women [34]. The

lower prevalence of IFG among PLWH in the WIHS

cohort than in our study can at least partially be

explained by the gender difference; all WIHS subjects

were women and also in our study female gender was an

independent protective factor for dysglycaemia.

A novel finding in our study is the discrepancy in the

prevalence rates of insulin resistance and IFG vs. DM

among PLWH. Surprisingly, the adjusted prevalence of

DM was not higher among PLWH than in the general

population, despite the higher prevalence of IFG and

insulin resistance. These data raise concerns of under-di-

agnosis of DM, possibly due to lower sensitivity of HbA1c

among PLWH [35–39]. Our finding of higher glucose

concentration yet lower HbA1c among PLWH than

among FinHealth subjects supports this hypothesis. False

low HbA1c values lead directly to under-diagnosis of DM

based on HbA1c criteria. In addition, in clinical practice

false low HbA1c may delay the treatment of DM even

when fasting glucose values fulfil the criteria of diabetes.

Unfortunately, we could not compare the proportions of

DM diagnoses made by HbA1c criteria between the study

groups, as the criteria for diagnosis of DM made before

2017 was not available.

The prevalence of DM among PLWH (13%) in our study

was higher than that reported from the EuroSIDA cohort

(5%) [4] or the COCOMO study (4%) [5]. These differences

probably reflect different DM prevalence rates in different

European countries [40], as, in line with our results, the

prevalence of DM among PLWH has not been significantly

different from that of local HIV-negative controls [3,5].

These data are in contrast to a large US study from 2009–
2010 which found a significantly higher predicted mar-

ginal prevalence of DM in PLWH (11.8%) than in the gen-

eral population (8.0%) [18]. However, this study was

hampered by the different definition of DM in the study

groups, and laboratory criteria were not included. In the

other earlier studies comparing the prevalence of DM in

PLWH and the general population, the diagnosis of DM has

been based on administrative data or registries [8,9,41].

There are some data using fasting blood samples for the

diagnosis of DM in large HIV populations, but in these

studies the HIV-negative controls did not represent the

general population but clinical cohorts [34,42] or, for

example, employers of a single company [43]. Further-

more, the applicability of these older data may be limited

in today’s clinic population, as the use of older PIs and thy-

midine analogue NRTIs – known risk factors for DM [44] –
has significantly decreased.

To evaluate risk factors for disturbances in glucose

homeostasis, we used the combination outcome of dysg-

lycaemia. When comparing the relationship between dys-

glycaemia and BMI, PLWH had 5–10% higher prevalence

of dysglycaemia compared with general population for

any given BMI. As equal body weight is associated with

more harm on glucose homeostasis among PLWH, pre-

vention and treatment of obesity among PLWH must be

emphasized. Multiple causes may contribute to this

increased risk of dysglycaemia among PLWH, e.g.

increased waist-to-hip ratio despite lower BMI [23], cer-

tain ART agents, lipodystrophy and inflammatory status

[2]. Unfortunately, we could not study these risk factors

in detail, as waist-to-hip ratios and presence or absence

of lipodystrophy were not systematically recorded. Intra-

venous drug use was associated with a higher risk of dys-

glycaemia. Chronic hepatitis C may explain this finding,

but we cannot differentiate the specific effect of hepatitis

C from intravenous drug use as such, as hepatitis C posi-

tivity was almost a universal finding in this transmission

group. Regarding the HIV-specific risk factors, we

observed a decreased risk of dysglycaemia in subjects

receiving ABC, which has not been reported earlier. We

consider a channelling bias the most likely explanation

for this finding in our non-randomized study setting, i.e.

ABC was avoided among subjects with high risk of car-

diovascular disease, which often coincides with high risk

of dysglycaemia.

The main strength and novelty of our study are the

first-time use of fasting blood samples for the compar-

isons between PLWH and the general population. The use

of fasting blood samples allows features of glucose home-

ostasis to be compared in a more objective manner than

does the use of administrative data alone. Furthermore,

the HIV-infected group represents the HIV population of

today, in whom there is a common use of INSTIs and

TAF. The data between the groups are temporally compa-

rable, as all data were collected during the same year.

Lastly, because of the universal health coverage in the

present study setting, we could exclude the healthcare

payer being a significant confounding factor as has been

demonstrated for comorbidities in the United States [45].
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Our study has also limitations. Even though we

adjusted the study groups for multiple factors, we did not

have information, for example, on dietary or exercise

habits, or family history of DM. Smoking status was

based on self-report in both groups and was not con-

firmed by exhaled carbon monoxide. Both of our study

groups were of white ethnicity, so our data may not be

generalizable to other ethnic groups. For the diagnosis of

DM we used only a single value of fasting glu-

cose ≥ 7.0 mmol/L (126 mg/dL) instead of the conven-

tional repeated fasting glucose ≥ 7.0 mmol/L (126 mg/

dL). This may increase the prevalence of DM in both

groups to some extent but should not interfere with their

comparison. As we did not have serum insulin values, we

could not calculate more extensively validated measures

of insulin resistance, such as Homeostatic Model Assess-

ment index, but had to limit our analyses to less optimal

surrogates of insulin resistance (plasma ALT, TG:HDL-C

ratio).

In conclusion, our data do not support increased obe-

sity rates among PLWH treated with modern ART as com-

pared with the general population, but insulin resistance

and IFG were significantly more prevalent among PLWH.

Nevertheless, the prevalence of DM was not higher, rais-

ing a concern for under-diagnosis of DM among PLWH.

Male gender, increasing age and body weight remain the

main risk factors for developing dysglycaemia. The

enhanced relationship between BMI and dysglycaemia

highlights the need also to prevent and treat obesity

among PLWH.
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